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ABSTRACT 

The structure of an antigenic, sulfated glycoprotein from chick chorioallantoic 
fluid has been investigated by exogalactosidase digestion, methylation and mass 
spectral analyses, periodate oxidation, and Smith degradation. The main carbo- 
hydrate chains are composed of D-galactosyl residues linked at C-3 and 2-acetamido- 
2-deoxyglucose residues linked at C-4. Fucose and N-acetylneuraminic acid residues 
are nonreducing terminal groups, and the N-acetyineuraminic acid groups are linked 
to the D-galactose residues at C-3. Most of the sulfate groups (91% of the sulfate) are 
located on C-6 of the 2-acetamido-2-deoxygiucose residues, and the rest on C-6 of the 
D-galactose residues. A large number of the D-galactose residues (36.9% of the total) 
are present as nonreducing terminal groups and another 21.7% of the D-galactose 
residues are in penultimate position to the nonreducing terminal N-acetylneuraminic 
acid residues. Although mild periodate oxidation indicates the presence of D- 

galactose in furanoside form (5.5% of total D-galactose), no 5-O-methyl derivative of 
D-galactose was observed on methylation. 

INTRODUCTION 

A sulfated glycoprotein (CAFS), isolated from the chick allantoic fluid infected 
by influenza virus, has been studied in our laboratorylV3 as well as in others”“. It has 
been shown’ that the carbohydrate chains in the antigenic, sulfated glycoprotein 
(mol. wt. 26,ooO) are highly heterogeneous, ranging from an average mol. wt. of l,lW 

to 2,000. The chains are linked to the peptide backbone through an alkali-IabiIe 
O-glycosyl linkage of a 2-acetamido-2-deoxygalactose residue ’ 9 2. The sulfate groups 
are located on the 2-acetamido-2-deoxyglucose residues, and the N-acetylneuraminic 
acid residues are the nonreducing terminal groups’. Fatty acids are attached to the 
hydroxyl groups of various carbohydrate units in ester linkage2. The present paper 
reports further structural studies of the glycoprotein by methylation and -mass 
spectroscopy, exogalactosidase digestion, periodate oxidation, and Smith degradation. 

*Dedicated to Professor Michael Heidelberger, in honor of his 87th birthday. 
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hydrolyzate of the methylated products obtained by both isolation procedures did not 
differ significantly. 

The desulfated CAFS (10 mg) was methylated directly in dimethyl sulfoxide 
solution, as just described, after solubilizing the glycoprotein in warm dimethyl 
sulfoxide (2 ml), without prior acetylation. After methylation, the product was 
isolated by the chloroform extraction procedure, as Just described. 

Hydro2y.si.s of methylated CAFS andg.Z.c. -The permethylated CAFS (1 mg/ml) 
was hydrolyzed with 90% (w/w) formic acid for 3 h at 100”. The acid was removed 
in uaczw in a rotary evaporator at 30”, 0.3~ hydrochloric acid (1 mg/ml) was added, 
and the solution was heated l7 for 18 h at 100”. The acid was removed either by 
lyophilization after dilution with water (3 vol.) or in a rotary evaporator at 30”. For 
analysis of the partially methylated neutral sugar, the residue was passed through a 
small column (1.0 x 5.0 cm) of AG 50-X8 (Hi) ion-exchange resin and washed with 
water (5 bed vol.). The eluate and washings were combined, evaporated iiz oacuo to a 
small volume (1.0 ml), and treated with sodium borohydride (10 mg/ml) for 24 h at 
room temperature. The excess of borohydride was destroyed by addition of glacial 
acetic acid (3 drops), and removed by repeated additions and evaporations of methanol. 
The residue, dried in vacua, and containing the partially methylated alditols, was 
acetylated with redistilled acetic anhydride (2 ml) in a tube with Teflon-lined screw- 
cap for 3 h at 120”. Acetic anhydride was removed by co-evaporation with toluene 
izz uactro below 45’. The methylated alditol acetates were redissolved in dichloro- 
methane and analyzed by g.1.c. on a 3% ECNSS-M column. The methylated hexos- 
amines were eluted from the column of AG 50-X8 ion-exchange resin by M hydro- 
chloric acid (5 bed vol.), evaporated to dryness at 30”, reduced and acetylated as 
described before, and analyzed by ,o.l.c. 

Oxidation of partially methylated sugar alditois of methylated CAFS. - The 
partially methylated sugar alditols (2 mg), prepared from the permethylated CAFS as 
described before, was oxidized with aqueous 0.25&r sodium periodate (0.5 ml) for 
i8 h at room temperature. The excess of periodate ions was destroyed, and the product 
reduced with sodium borohydride (20 mg) for 3 h at room temperature. The excess of 
sodium borohydride was destroyed by addition of glacial acetic acid, and removed as 
methyl borate as described before. The iodate ions in the reaction mixture were 
removed by passing the mixture through a column (5 ml) of AG l-X8 (AcO-) 
ion-exchange resin, and elution with water (30 ml). The product in the effluent was 
recovered by evaporation and dried thoroughly before acetylation for g.1.c. analysis, 
as described previously_ 

Denzetlzylation. - A partially methylated amino sugar fraction of the 
hydrolyzate of methylated CAFS was divided into three portions. Two portions were 
subjected to demethylation by treating with cold boron tribromide” and with 
hydrogen iodide lg, respectively, and the third portion was used as a control. After 
demethylation, they were reduced, acetylated, and studied by g.l.c., as described 
previously. 
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