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ABSTRALCY

Hydrazinolysis followed by nitrous acid deamination of «;-acid glycoprotein
gave acidic and neutral mono- and oligo-saccharides that contain 2,5-anhydro-
D-mannose as reducing residue: «-D-Manp-(1—3)-[x-D-Manp-(1—6)}-f-pD-Manp-
(1-4)-2,5-anhydro-pD-mannose (1), p-pD-Galp-(1—+4)-2,5-anhydro-D-mannose (3),
2,5-anhydro-pD-mannose, and two N-acetylneuraminic acid-containing oligosac-
charides having the common partial sequence: NeuNAc-(2— ?)-[8-D-Galp-(1 ->4)-2,5-
anhydro-D-mannose}] (5). This specific cleavage of 2-amino-2-deoxy-D-glucosyl
linkages released almost quantitatively a very limited number of saccharides. Re-
duction with sodium borotritide of the products of cleavage allowed the precise
determination of the molar proportion of i, 3, and free 2,5-anhydro-D-mannose.

INTRODUCTION

Structural investigations of the complex carbohydrate chains of a«;-acid
glycoprotein based upon partial hydrolysis'~* and acetolysis® are rather tedious.
Alkaline hydrolysis with sodium hydroxide, followed by nitrous acid deamination of
o;-acid glycoprotein gave, as fragmentation products, modified N-acetylneuraminic
acid-containing oligosaccharides with a 2,5-anhydro-p-mannose reducing residue,
but no information about structure of the “core™ of the carbohydrate moiety was
reported®. In the present work, selective cleavage of 2-acetamido-2-deoxy-p-glucosyl
linkages with hydrazine (de-N-acetylation) and sodium nitrite (nitrous deamination)
was applied to «,-acid glycoprotein, in an attempt to obtain further information
about the chemical structure of the “core™ moiety.

Previously, the hydrazinolysis—nitrous deamination procedure has been used
for the structure characterization of methyl glycosides?, glycosaminoglycans®~'° and
acidic polysaccharides'?, although incomplete de-N-acetylation ‘and partial destruc-
tion of monosaccharide residues or polysaccharide chains have been noted*%-!2,
More recently, the selective and quantitative cleavage of the glucosaminyl linkage was
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investigated*3~1, and this method was used for the structural identification of various
glycoproteins!® (fetuin, ovalbumin, ovomucoid, transferrin, lactotransferrin).

EXPERIMENTAL

Materials. — Crystalline 2,5-anhydro-D-mannitol was prepared by the method
of Bera et al.'?, the methyl glycosides of D-mannose and D-galactose were prepared
by methanolysis of the corresponding monosaccharides!®, and the. di-, tri-, and
tetramethyl ethers of methyl «,f-D-mannopyranoside by partial methylation of
methyl «,8-D-mannopyranoside'®. «,-Acid glycoprotein was isolated from pooled,
normal human plasma®®. Sialic acid-free ay-acid glycoprotein was obtained by
partial hydrolysis with 0.05M hydrogen chloride for 1 h at 100°. The p-galactose to
D-mannose ratio (1:1.14) of the sialic acid-free glycoprotein was similar to that of the
native glycoprotein (Table I).

TABLE 1

COMPOSITION OF THE CARBOHYDRATE MOIETIES OF NATIVE AND
SIALIC ACID-FREE &3-ACID GLYCOPROTEIN

Monosaccharide component Native ay-acid Sialic acid-free «y-acid
glycoprotein glycoprotein

N-Acetylneuraminic acid® (%) 10.03 0

Neutral monosaccharides® (%) 16.54 17.89

p-Mannose 7.4 8.1

p-Galactose 8.5 9.3

L-Fucose 0.6 0.4

Ratio Gal/Man* 1.14 1.14

N-Acetylglucosamine® 16.7 17.2

Total carbohydrate 43.27 35.09

sDetermined by the diphenylamine acid method?#. ?Determined by the orcinol-sulfuric method22,
“The molar ratio of p-mannose, p-galactose, and L-fucose was determined with the aniline phtalate
method. 9Determined by the Elson—Morgan procedure®® after acid hydrolysis (4m hydrochloric
acid, 4 h, 100°).

Analytical methods. — Paper chromatography was performed on Whatman
No. 3 paper with solvent A: 5:5:1:3 (v/v) pyridine—ethyl acetate—acetic acid—water.
Paper electrophoresis was conducted in 3:10:187 (v/v) pyridine-acetic acid—water at
pH 3.9. Chromatograms and electrophoregrams were dried and revealed with the
urea—hydrochloric acid reagent®*.

Separation of methyl glycosides and polyols was achieved by gl.c. of the
per-O-trimethylsilyl ethers'® with a Perkin—Elmer F;; instrument equippad with a
flame-ionization detector and a glass column (0.3 x 300 cm) packed with 3% OV-17
on Chromosorb W-AW-HMDS, with nitrogen as the carrier gas at a flow rate of
15 ml/min, and a column temperature of 110° for 15 min, then raising with a gradient
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of 1°/min to 180°. Erythritol was the internal standard. The trimethylsilyl ethers were
obtained by dissolving the dried sugar in 1:1:5 (v/v) hexamethyldisilazane—chloro-
trimethylsilane-pyridine purchased from Sigma Chemical Co (Saint Louis, Mo.
63178, U.S.A.). Total hexoses were determined by the orcinol-sulfuric acid pro-
cedure®?, hexosamines by the Elson-Morgan reaction®®, and /N-acetylneuraminic
acid by the diphenylamine method?2%.

Two permethylation cycles were applied to the reduced oligosaccharides, as
described by Hakomori??, and the permethylated oligosaccharides were treated with
1.5M methanolic hydrogen chloride (1 ml) for 24 h at 80° in a sealed tube. Analysis
of the various methylated alditols and glycosides was achieved by g.l.c. with a Perkin—
Elmer F,, instrument on a stainless-steel column packed with 3% Carbowax 6000
W-AW-HMDS, nitrogen being the carrier gas at a flow rate of 15 ml/min and the
column temperature at 160°.

Hydrazinolysis. — o,-Acid glycoprotein (100 mg) was treated with hydrazine
(1 ml) as previously described®. The mixture was passed through a Sephadex G-50
column (3 cm x 90 cm) to give two peaks (Fig. 1):

Fraction A (80% by weight of the carbohydrate moiety of «,-acid glycoprotein)
was composed of D-galactose, D-mannose, and 2-aminc-2-deoxy-D-glucose and
contained no amino acids. Traces of 2-acetamido-2-deoxy-p-glicose (less than 2% in
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Fig. 1. Gel filtration through a Sephadex G-50 column (3 X90 cm) of the hydrazine-treated «,-
acid glycoprotein. Fractions of 4.5 ml were collected and samples (0.1 ml) of each fraction were
analyzed by the phenol-sulfuric acid method (measured at 498 nm) (—&—) and the ninhydrin
procedure without hydrolysis (measured at 570 nm) (—QO~-). The vertical arrow indicates the posi-
tion of the void volume (V). Fractions 62-71 were pooled and contained de-N-acetylated poly-

saccharide chains (Peak A).
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term of total hexosamine) were estimated by g.l.c. after nitrous deamination and
methanolysis. The galactose to mannose ratio (1:1.14) was similar to that of the native
glycoprotein.

Fraction B was a mixture of amino acids, hydrazine, acethydrazide, and was

not further studied.

Nitrous acid deamination. — The nitrous acid deamination of the purified
de-N-acetylated glycans (Fraction A) was performed as described by Horton ez al.?°.
The inorganic ions were removed by passing the reaction mixture through columns of
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Fig. 2. A. Ion-exchange chromatography on a column (2% 30 cm) of Dowex 1 (X-2) of the peak A
(de-N-acetylated glycans) after deamination with nitrous acid. The column was first eluted with
distilled water and then with 0.2% formic acid solution at the flow rate of 20 mi/h and 5-ml frac-
tions were collected. Samples (0.1 ml) of each fraction were analyzed by the phenol-suifuric acid
method?® (measured at 498 nm) (—@—) and by the diphenylamine procedure?® (measured at
530 nm) (—m—). Fractions 6-12, 20-21, and 23-28 were collected to yield the neutral fraction NF
and the two acidic fractions, AF, and AF., respectively. The vertical line indicates that the column
is eluted with 2% formic acid.

B and C: Paper chromatography in solvent A of the fractions NF, AF,, and AF, previously
described in A. The paper chromatograms were stained with the urea-phosphoric acid reagent?®.
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Dowex 50 (X-8, H*, 25-50 mesh) and Duolite A-102-D (HCO;, 25-50 mesh). The
effluents and washings (500 ml) were combined and evaporated under reduced
pressure. The residue was subsequently analyzed by paper chromatography (solvent
A) and paper electrophoresis.

Isolation and purification of oligosaccharides. — Acidic and neutral saccharides
having a 2,5-anhydro-p-mannose residue as reducing end, obtained by nitrous acid
deamination, were separated by ion-exchange chromatography on a column (2 cm x
30 cm) of Dowex 1 (X-2, HCO, , 200-400 mesh) (Fig. 2A). The neutral fraction (NF)
(70% by weight), eluted from the resin with water, was analyzed and fractionated by
paper chromatography in solvent A (Fig. 2B). n-Galactose, D-mannose, and 2,5-
anhydro-D-mannose were present in the molar ratio 0.5:0.7:1.0. No peak cor-
responding to free hexitols, L-fucose, and 2-acetamido-2-deoxy-D-glucose were
detected on the gas-liquid chromatogram. This fraction was resolved by paper
chromatography in solvent A (Fig. 2B) into three major subfractions, NF, (Rg,; 0.27),
NF, (Rg.; 0.61), and NF. (R;.; 0.98), in the respective yields of 25, 25, and 6% (by
weight of the carbohydrate moiety of the «,-acid glycoprotein) (Scheme 1).

«;-Acid glycoprotein
Hydrazinolysis
Sephadex G-50

! '

A B

(V-Deacetylated glycans) (Amino acids, hydrazine,

Nitrous deamination amino acid hydrazides,

Dowex 1 (X-2) acethydrazide, etc.)

NF AF; AF,
(Neutral fraction) (Acidic fraction) (Acidic fraction)
Paper chromatography Paper chromatography
NF;, NFh NFc § 1

Compound 1 Compound 3 2,5-Anhydro- AF., AF,;, AF;. AFas

D-mannose

Scheme 1. Hydrazinolysis and nitrous deamination of «,-acid glycoprotein.

The acid fraction (AF), eluted from tke column of Dowex 1 (X-2) resin with
2% formic acid, was resolved into two subfractions, AF, and AF, (Fig. 2A), in the
respective yields of 2 and 6.3% (by weight of the carbohydrate moiety of «,-acid
glycoprotein). Subfraction AF, contained high-molecular-weight carbohydrate
compounds due to the fact that incomplere de-N-acetylation of 2-acetamido-2-deoxy-
p-glucopyranose residues with hydrazine prevents a specific cleavage of the 2-
acetamido-2-deoxy-D-glucopyranosyl bonds by nitrous deamination. This fraction
was not analyzed in detail. Subfraction AF, (Fig. 2C) contained diphenylamine-
positive material, D-galactose, and 2,5-anhydro-p-mannose. No D-mannose and
L-fucose were detected by g.l.c. This fraction was resolved by paper chromatography
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into four bands: AF,, (Rs.; 0.14), AF,, (Rg. 0.20), AF,. (Rg.: 0.29), and AF,q4
(Rg.: 0.61).

: Tritium labelling of oligosaccharides. — The molar ratio of the three compounds,
NF,, NF,, and NF., obtained by nitrous acid deamination of «,-acid glycoprotein
and sialic acid-free «,-acid glycoprotein was determined by sodium borotritide
reduction®®. In a typical experiment, the compounds were dissolved in distilled water
and sodium borotritide (10 nmol; specific activity 10 Ci/mmol) was added. The
mixture was stirred for 2 h at room temperature, after which an excess of sodium
borohydride was added and the mixture kept for 2 h. The excess of borohydride was
destroyed with a few drops of glacial acetic acid and the labelled compounds desalted
by paper electrophoresis at pH 3.9 in 1:2:129 (v/v) pyridine—ethyl acetate-water
buffer. The labelled and purified compounds were chromatographed in solvent A and
their radioactivity counted (Fig. 3). «,-Acid glycoprotein and its sialic acid-free
derivative gave different proportions of NF,, NF,, and NF.: 0.99:1.99:1.00 and
1.38:4.07:1.00, respectively.
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Fig. 3. Paper chromatography of the neutral fraction (NF), labelled by reduction with sodium
borotritide, derived from native (—®—©—@—) and sialic acid-free (—A—A—A—) a;-acid
glycoprotein. The paper chromatogram was cut out every 1.0 cm and counted for radioactivity.
Letters NF,, NF,, and NF, indicate the reduced saccharides (see Scheme 1).

Composition and structure of the oligosaccharides isolated from the neutral
fraction (NF). — On paper chromatography, fractions NF,, NF;, and NF_ appeared
homogeneous in solvent A. After elution from the chromatogram, each compound
was analyzed for its composition and structure (Table II):
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Compound NF,. Analysis by g.l.c. after reduction and methanolysis indicated
the presence of methyl D-mannoside and 2,5-anhydro-p-mannitol in the ratio 3.2:1.

Fraction NF, (~4 mg) was reduced with sodium borchydride, permethylated,
methanolyzed, and then submitted to g.l.c. analysis. Three peaks (g, b, and ¢) having
a relative retention time of 1, 3.1, and 7.1 were observed. The identity of peaks g and
¢ as methyl 2,3,4,6-tetra-O-methyl-p-mannopyranoside and 2,4-di-O-methyl-p-
mannopyranoside, respectively, was established by comparison of the retention time
with those of standards. Peak &5 corresponded to 2,5-anhydro-1,3,6-tri-O-methyl-
D-mannitol. A 0.2mM solution of labelled and reduced tetrasaccharide was subjected
to enzymic digestion with a commercial z-pD-mannosidase (1 U/ml) obtainied from
Turbo cornatus (Seikagaku Kogyo Co Ltd., Chuo-Ku, Tokyo, Japan) in 0.05M
citrate buffer, pH 4.2, for 18 h at 37°. The enzyme was destroyed by heating the digest
at 100° for | min, and the hydrolyzate was analyzed by paper chromatography in
solvent A. The sheet of Whatman No. 3 paper was cut into 1.0-cm strips and analyzed
by scintillation spectrometry. Three peaks (a, b, and ¢) of radioactivity were detected
in the ratio 1.0:4.0:2.1. Peak a corresponded to the original reduced oligosaccharide
NF, (1), whereas the faster-moving compounds b and ¢ were enzyme-degraded oligo-
saccharides. G.l.c. of methanolyzed and trimethyisilylated compounds b and ¢ sug-
gested that the molar ratio of p-mannose to 2,5-anhydre-pD-marnnitol was 2.1:1.0 and
1.2:1.0, respeciively. No free, labelled 2,5-anhydro-p-mannitol was detected. These
results suggest the presence of 2 external a-D-mannose residues and corroborate
previous reports2?-3°%, The internal p-mannose residue linked to the 2,5-anhydro-
D-mannitol was not hydrolyzed by the «-p-mannosidase. Moreover, enzymic
degradation and methylation indicated that b-mannose residues were in pyranose
form. Consequently, the partial structure 1 is proposed for compound NF,.

a-p-Manp-(1—-3)-[e-p-Manp-{1—6)]-f-pD-Manp-(1—>4)-2,5-anhydro-D-mannose
«-D-Manp-(1—-3)-[a-D-Manp-(1->6)]- B-D-Manp-(1—>4)-2-acetamido-2-deoxy-p-glucose
B-D-Galp-(1—4)-2,5-anhydro-p-mannose
B-b-Galp-(1—-%)-2-acetamido-2-deoxy-n-glucose

Modified NeuNAc-(2—>2)-[f-D-Galp-(1—4)-2,5-anhydro-p-mannose]

NeulNAc-(2— )-[f-0-Galp-(1-—4)-2-acetamido-2-deoxy-p-glucose]

AU bh W™

Compound NF,. On g.l.c., reduced fraction NF, gave p-galactose and 2.5-
anhydro-p-mannitol in the molar ratio 1.1:1.0. The reduced fraction {~ 3.5 mg) was
permethylated and methanolyzed, and the products were submitted to g.l.c. analysis.
Two major compounds were obtained. The first one was identified as a methyl
2,3,4,6-tetra- O-methyl-D-galactoside, thus confirming the presence of a p-galacto-
pyranosyl residue at the nonreducing end of the oligosaccharide. The second com-
pound having the highest retention time was identified as 2,5-anhydro-1,3,6-tri-O-
methyl-D-mannitol, indicating that the 2,5-anhydro-D-mannose residue was linked at
C4. -

Enzymic digestion of reduced fraction NF, with a commercial f-b-galactosidase
(1 U/ml) obtained from Charonia lampas (Seikagaku Kogyo Co Ltd., Chuo-Ku,
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Tokyo, Japan) was performed in 0.01M phosphate buffer, pH 4.6, for 18 h at 37°. The
release of D-galactose and 2,5-anhydro-p-mannitol was followed by g.l.c. of the
trimethylsilyl derivatives. D-Galactose was almost completely removed by the enzyme
and an equivalent amount of 2,5-anhydro-p-mannjtol was obtained, indicating
structure 3 for this disaccharide.

Fraction NF,. On paper chromatography in solvent A, only one spot was
detected either with the urea—phosphoric aciG?” or with the urea—hydrochloric acid
reagent?®. The rate of migration (Rg,; 0.98) was identical with that of 2,5-anhydro-
D-mannose obtained by nitrous acid deamination of 2-amino-2-deoxy-D-glucose
hydrochloride accordirg to Bera et al.!”. After reduction with an excess of sodium
borohydride in aqueous solution for 20 h at 22°, the recaced compound NF. was
analyzed by gl.c. of the trimethylsilyl ether. Only one peak was observed that
showed a relative retention time (R, 2.05, relative to erythritol) identical with that of
synthetic 2,5-anhydro-p-mannitol”.

Composition and structure of the oligosaccharides isolated from the acidic
JSraction AF,. — The acidic fraction AF, was resolved by paper chromatography
into four major components (Fig. 2C). Three acidic oligosaccharides, AF,, (Rg4; 0.15),
AF,, (Rgar 0.19), AF, . (R, 0.29), and one neutral oligosaccharide, AF,, (Rg,; 0.61)
were isolated in the respective yields of 4.5, 2.2, 1.0, and 1.1% by weight of the carbo-
hydrate moiety of «,-acid glycoprotein. Fractions AF,. and AF,,; were isolated in
quantities too small for the study of the structure. After elution from the chromato-
gram, fractions AF,, ana AF,, were analyzed: each compound contained diphenyl-
amine-positive material, D-galactose, and 2,5-anhydro-D-mannose. G..c. after
reduction with sodium borohydride and methanolysis indicated 2,5-anhydro-p-
mannitol and p-galactose in the molar ratio of 1:1. In addition, each oligosaccharide
gave a peak eluted at 224° (R, relative to erythritol: 4.3) on a OV-17 column; this
compound was probably derived from the N-acetylneuraminic acid residues. Partial
acid hydrolysis of compounds AF,, and AF,, (0.05M sulfuric acid, 1 h, i00°) gave a
disaccharide (Rg;,; 0.61) that had a ratio of p-galactose to 2.5-anhydro-p-mannose
(1.1:1.0) identical with that of the NF, compouud 3. Hence, the structure 5 is suggested
for compounds AF,, and AF,,, which are derived from 6.

DISCUSSION

As previously described?®, hydrazinolysis of «,-acid glycoprotein cleaves
2-acetamido-1-N-(L-aspart-4-oyl)-2-deoxy-fS-D-glucopyranosylamine linkages and
gives de-N-acetylated polysaccharide chains (see Scheme 1). The complete de-N-
acetylation of 2-acetamido-2-deoxy-D-glucose residues is necessary for a highly
specific cleavage of 2-amino-2-deoxy-p-glucosyl bonds with sodium nitrite. The
conditions of hydrazinolysis presently used (redistilled hydrazine, 30 h, 100°) for the
scission of the amide groups of polysaccharide chains were those that had been shown
to give the highest degree of de-N-acetylation for methyl 2-acetamido-2-deoxy-«-p-
glucopyranoside®®-'®. The de-N-acetylated carbohydrate chains obtained by
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hydrazinolysis of native a,-acid glycoprotein were devoid of amino acids and were
purified by fractionation on Sephadex G-50 (Fraction A, Fig. 1) with a yield of 80%
in term of carbohydrate. Except a part of the neuraminosyl bonds, most of the glycosi-
dic bonds of the carbohydrate chains were highly stable. Moreover, less than 2% of
the 2-acetamido-2-deoxy-D-glucopyranose residues were found in Fraction A.

Nitrous acid deamination of the de-N-acetylated polysaccharide chains
(Fraction A) gave, after fractionation on Dowex 1 (X-2), an acid (AF) and a neutral
(NF) fraction. The latter one was fractionated by paper chromatography to give two
neutral oligosaccharides (1 and 3) having 2,5-anhydro-D-mannose end-groups and
free 2,5-anhydro-p-mannose, in the respective yields of 25, 25, and 6% in term of the
native polysaccharide chains.

The neutral disaccharide NF,, has structure 3, derives from 4, and was obtained
in a ratio of four moles per sialic acid-free carbohydrate unit and of only two moles
per native carbohydrate unit (Fig. 3), because 50% of the N-acetylneuraminosyl
bonds were stable and led to the formation of 5. This result is in agreement with the
partial structure obtained by enzymic degradation of sialic-free «,-acid glycoprotein,
four residues of D-galactose being first released by action of f-D-galactosidase?93°,
and then four residues of 2-acetamido-2-deoxy-D-glucose by action of N-acetyl-f-p-
glucosaminidase®?-3!, Structure 4 is located at the peripheral part of the poly-
saccharide chains and has been previousiy described?:°.

The neutral tetrasaccharide NF, has structure 1, derives from 2, and was
obtained with a ratio of one mole per sialic acid-free carbohydrate unit or native
carbohydrate unit. [t was shown?°-3° that the inner “core” of the carbohydrate chain,
which consists of three residues of p-mannose and two residues of 2-acetamido-
2-deoxy-D-glucose, is degraded with «-D-mannosidase fo give two residues of
p-mannose. Thus, it may be concluded that tetrasaccharide NF, is derived from the
inner part of the pclysaccharide chain. Structure 1 agrees with the results of the
permethylation32-33 and with the two oligosaccharide structures, p-Manp-(1—3)-
p-Man and p-Manp-(1—6)-D-Man obtained by partial acid hydrolysis of the whole
glycoprotein!®. Moreover, the occurrence of structure 2 has also been reported in a
variety of proteins including IgE, IgM, IgG immunoglobulins®+—3°, fetuin'>"37,
ovomucoid'®, thyroglobulin®®, transferrin®*-3°-*°, and lactotransferrin>-3°, and in
some oligosaccharides?! accumulated in the liver of GM,-gangliosidosis, type L

Free 2,5-anhydro-p-mannose (NF,) was isolated, in pure form, in the porportion
of 0.8-1 mole per carbohydrate unit. Since no 2-amino-2-deoxy-3,4,6-tri-O-methyl-
D-glucose was observed on permethylation of the native glycoprotein®-32, this free
2,5-anhydro-D-mannose may derive from two associated internal residues of 2-
acetamido-2-deoxy-D-glucose. On the other hand, it has been demonstrated!® that
hydrazinolysis followed by nitrous deamination of 2-acetamido-1-N-(L-aspart-4-oyl)-
2-deoxy-f-D-glucosylamine gives almost quantitatively free 2,5-anhydro-p-mannose.
Consequently, it is suggested that compound NF, is derived from the 2-acetamido-
2-deoxy-D-glucose residue linked to the asparagine residue.

The acidic fraction, which contains modified neuraminosyl residues, is derived
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from the external part of the polysaccharide chains. The two acidic oligosaccharides
AF, and AF}, possess the same chemical composition and a partial common sequence.
The complete structure of such compounds has been previously described®:42.

Hydrazinolysis and nitrous acid deamination of a glycoprotein is a convenient
procedure to _obtain in a good yield a few well defined oligosaccharides, because
2-acetamido-2-deoxy-D-glucopyranosyl bonds are split off specifically. This is in
contrast with other chemical methods of scission, such as partial hydroly51s or
acetolysis, that produce numerous oligosaccharides.
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