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ABSTRACT: The structure of the glycans of the A-chain of human plasma a2HS-glycoprotein was established 
from the chemical compositions of its derivatives prepared by sequential enzymatic degradation of the 
carbohydrate moiety, from the determination of the kind and amount of the monosaccharides liberated after 
each step of the enzymatic digestion, and from the distinct specificity of the highly purified exoglycosidases. 
The exoglycosidases were three sialidases (Vibrio cholerae, fowl plaguevirus, and Arthrobacter ureafaciens), 
two @-galactosidases (Streptococcus pneumoniae and bovine testis), one a- N-acetylgalactosaminidase, one 
@-N-acetylglucosaminidase, and one a-mannosidase. Utilizing sialidases with different cleavage specificities, 
the number of a2-3- and a2-6-linked sialic acid residues could be separately determined. As to the 
@-galactosidases, the enzyme isolated from S. pneumoniae cleaves only 61-4-linked galactose residues, 
whereas the bovine testes enzyme acts on both the p1-4- and @lJ- l inked galactose residues. Jack bean 
@-N-acetylglucosaminidase cleaves @1-2, Pl-4,  and B1-6 GlcNAc with higher activity for the 01-2. Jack 
bean a-mannosidase cleaves al-2, al-6, and al-3 Man with greater activity for a1-2 and al-6. Bovine 
liver a-N-acetylgalactosaminidase cleaves O-linked GalNAc. On the basis of these results, the A-chain 
of a2HS-glycoprotein was found to possess two biantennary N-glycans and two 0-linked trisaccharides. 

a2HS-glycoprotein (a*(HS)l (Gejyo et al., 1983; Schwick 
& Haupt, 1984; Lee et al., 1987) is a normal human plasma 
protein associated with a number of biological functions. It 
is one of the negative acute-phase reactants of human plasma 
and has a significantly decreased blood level during inflam- 
matory states (Lebreton et al., 1979; Baskies et al., 1980). 
This glycoprotein (gp), which may participate in the regulation 
of bone metabolism (Colclasure et al., 1988), has been 
demonstrated to influence the mineral phase of the bone, where 
it is concentrated up to 300-fold as compared with other plasma 
gp (Triffitt et al., 1976; Ashton et al., 1976). Fetal bone was 
reported tocontain 10-fold more a2HS thanadult bone (Wilson 
et al., 1977). Moreover, a2HS promotes endocytosis by 
macrophages (Lewis & Andre, 1980), exhibits opsonic 
properties (van Oss et al., 1974), and may be involved in the 
development of the brain (Jones et al., 1988). As to its 
structure, a2HS was earlier shown to consist of two disulfide- 
linked peptide chains of different size whose amino acid 
sequences have been established (Gejyo et al., 1983; Yoshioka 
et al., 1986). In the initially synthesized protein, these two 
chains are linked together by a connecting sugar-free fragment 
(Lee et al., 1987). The shorter chain (B-chain) possesses one 
0-glycosylation site (Gejyo et al., 1983), whereas the longer 
chain (A-chain) contains two N-glycans linked to residues 
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138 and 158 and two Oglycans linked to Thr 238 and 252. 
The carbohydrate unit of the B-chain proved to be a 
trisaccharide (Gejyo et al., 1983). 

The present study reports the elucidation of the structure 
of the four glycans of the A-chain of a2HS. 

MATERIALS AND METHODS 

All chemicals were of analytical grade and purchased from 
Merck (Darmstadt, Germany) or Serva (Heidelberg, Ger- 
many). Sephadex G- 100, Sepharose 6B, and CH-Sepharose 
4B were from Pharmacia (Uppsala, Sweden), and Bio-Gel 
P-2 was from Bio-Rad (Munich, Germany). Major items of 
equipment werelistedearlier (Walsh et al., 1990). +Methyl- 
umbelliferyl-a-NeuAc was synthesized in our laboratory. a2- 
HS was isolated from pooled normal human plasma at 
Behringwerke AG (Marburg/Lahn, Germany) and generously 
donated by Professor H. Gerhard Schwick. The chemical 
and physicochemical properties of this protein were reviewed 
by Schwick and Haupt (1984). This protein proved to be one 
of the few plasma glycoproteins that possesses GalNAc 
(Baenziger, 1984). 

( I  ) Exoglycosidases. The sources and specificities of Vibrio 
cholerae sialidase (VCS), bovine testes &galactosidase, bovine 
liver a-N-acetylgalactosaminidase, jack bean 8-N-acetylglu- 
cosaminidase, and jack bean a-mannosidase were described 
recently [ Walsh et al. (1990); see also Table I]. The following 
glycosidases were also used: Arthrobacter ureafaciens and 
fowl plague virus (kindly supplied by Prof. H. Rott, Giessen, 
Germany) sialidases and Streptococcus pneumoniae &ga- 
lactosidase. The employed affinity matrices were described 
in the mentioned paper. All exoglycosidases were free of other 
glycosidases and proteases (Walsh et al., 1990) except for the 
fowl plague virus sialidase, which was used only for analytical 
purposes. 
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Table I: Monosaccharides Released from Human Plasma a2HS by Sequential Treatment with Exoglycosidases and the Specificity of These 
Enzymes 

SteD enzyme used specificity residues released/mol of protein 
la 
lb 
IC 
2a 
2b 
3 
4 
5 

vcs a2-3, a2-6, a2-8 NeuAc 6.2 NeuAc (a2-3, a2-6) 
Arthrobacter ureafaciens sialidase 6.2 NeuAc (a2-3, a2-6) 
fowl plague virus sialidase 2.5 NeuAc (a2-3) 
Streptococcus pneumoniae &galactosidase ,914 Gal 4.0 Gal (81-4) 
bovine testes &galactosidase b1-3, j31-4 Gal 6.6 Gal (61-3,81-4) 
bovine liver a-N-acetylgalactosaminidase a 1-0 GalNAc 2.6 GalNAc 
jack bean 8-N-acetylglucosaminidase 81-2 > @14, Bl-6 GlcNAc 3.4 GlcNAc 
jack bean a-mannosidase al-2, a 1 4  >> al-3 Man 3.5 aMan 

a24 > a2-3 NeuAc 
a2-3 >> a2-6 NeuAc 

Table 11: Carbohvdrate Comwsition of a2HS and Its Partially Dealycosvlated Derivatives As Determined by Acid Hydrolysis 
~~ 

sugar constituent (residues/mol of protein) structure of carbohydr 
carbohydr moietyf Mr NeuAc Gal Man GlcNAc GalNAc cleaved (96) derivative 

I native 

I1 asialo 

39065' 6.2 6.6d 5.gd 7.9 2.6 
2 5300ob 7 c  1 4c 9C 

0 

21 nd nd nde nd 

36800 nd 0.07 nd 7.2 2.3 43 

36200 nd nd 5.8 8.1 0.4 50 

I11 agalacto 

IV a-N-acetylgalactosamino (prepared from 111) 

V a-N-acetylglucosamino (prepared from IV) 

VI a-N-acetylglucosamino (prepared from 111) 

VI1 a-a-mannosino (prepared from VI) 

35 400 nd nd 6.0 

36000 nd nd 6.0 

4.5 

nd 

0.3 

nd 

63 

55 

35400 nd nd 2.8 4.5 2.8 66 

a Calculated from the structure of the B-chain, the amino acid composition, and proposed glycans of the A-chain and also reported earlier by Schmid 
and Biirgi (1961) (see also text). Mr of carbohydrate, 6206. Taken from Gejyo and Schmid (1981). This Mr and all subsequent ones were derived 
from SDS-PAGE. Taken from Schwick and Haupt (1984), who reported a Fuc content of 1 residue. d Calculated hydrolysis values (see text). e nd, 
not determined. /Key: A, NeuAc; 0, Gal; 0, Man; 0, GlcNAc; ., GalNAc;m, protein core of the A-chain;=, protein core of the B-chain. 

( 2 )  Digestion with Exoglycosidases. For preparation of 
partially deglycosylated a2HS derivatives, which were used 
for the determination of the glycan structure of this protein, 
the abovementioned highly purified exoglycosidases were 
employed. Incubations were performed at 37 OC under the 
conditions indicated below and in buffers containing 0.02% 
NaN3 and 1% pepstatin. 

( a )  Cleavage ofNeuAc. a2HS (40 mg) was incubated for 
1 day with 100 milliunits of VCS in 1 mL of 0.05 M NaAc 
buffer (pH 5.5) containing 7 mM CaC12. At the end of the 
experiment, 90% of the enzymatic activity remained. Sialidase 
was removed from the incubation mixture by affinity chro- 
matography as follows (Walsh et al., 1990): after dilution to 
10 mL with the above buffer and adsorption on 10 mL of 
immobilized NeuAc, asialo-azHS was eluted from the column 
whereas the enzyme was retained. Subsequently, the asialo- 
gp was desalted on Bio-Gel P-2. After lyophilization, 3 1 mg 
(yield 8 1%) of asialo-a2HS was obtained (derivative 11, Table 
11). The release of NeuAc by treatment with additional 
sialidases was carried out as follows (steps lb  and IC, Table 
I): 2 mg a2HS was incubated with either 50 or 3 milliunits 
of A. ureafaciens sialidase (Friebolin et al., 1981) in 0.5 mL 
of 0.05 M NaAc buffer (pH 5.5) or with 0.05 milliunit of fowl 
plague virus sialidase in 0.5 mL of 0.1 M sodium citrate 
phosphate buffer (pH 7.0) (Figure 1). Aliquots (10 pL) were 
removed at 20-min intervals during the first 3 and then after 
each hour, and the liberated NeuAc was quantified. The 

experiments with the latter two sialidases were performed for 
analytical purposes only. 

(b) Cleavage of Gal. Incubation with S. pneumoniae 
@-galactosidase (0.5 unit) was performed using 16.4 mg of 
asialo-a2HS in 1 mL of 0.3 M sodium phosphate (pH 6.2) 
containing 3 mM CaC12. This protein derivative was obtained 
by treating native a2HS with VCS. After 1 day of incubation, 
0.5 mL of bovine testes @-galactosidase (0.6 unit) in 0.1 M 
sodium citrate phosphate buffer (pH 4.3) was added, and the 
incubation continued for one more day. At the end of the 
incubation time, 80% of the enzymatic activity remained. Both 
enzymes were removed by affinity chromatography on 
4-aminophenyl thiogalactosidsCH-Sepharose 4B. Salt and 
Gal were removed on Bio-Gel P-2, and 13 mg (yield 80%) of 
agalacto-a2HS was obtained after lyophilization (derivative 
111, Table 11; steps 2a and 2b, Table I). 

( c )  Cleavage of GalNAc. Agalacto-a2HS (14.9 mg) was 
treated with 1 unit of a-N-acetylgalactosaminidase in 1 mL 
of 0.1M sodium citrate (pH 4.7). After 2 days of incubation, 
at which time 75% of the enzymatic activity remained, enzyme, 
salt, and GalNAc were separated from the modified protein 
by chromatography on Sephadex G- 100. Freeze-drying 
afforded 12.4 mg (yield 89%) of a-N-acetylgalactosamino- 
a2HS (derivative IV, Table 11; step 3, Table I), which was 
devoid of sugar at the B-chain. 
(d) Cleavage of GfcNAc. (1) From the a-N-acerylgafac- 

tosamino derivative: a-N-acetylgalactosamino-a2HS (8 mg) 
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was incubated with 4 units of 8-N-acetylglucosaminidase in 
0.5 mL of 0.1 M sodium citrate (pH 4.7). After digestion for 
3 days, 3.4 GlcNAc residues were released (100% of the 
enzymatic activity remained). Chromatography on Sephadex 
G- 100 afforded 4.7 mg (yield 67%) of a-N-acetylglucosam- 
inamino-a*HS (derivative V, Table 11; step 4, Table I). (2) 
From the agalacto derivative: agalacto-a2HS (13.2 mg) was 
digested with 10 units of 8-N-acetylglucosaminidase in 1 mL 
of 0.1 M sodium citrate (pH 4.7). The release of GlcNAc 
was followed over an incubation period of 5 days. No loss of 
enzymatic activity was observed. Subsequent chromatography 
on Sephadex G-100 afforded 8.2 mg (yield 65%) of a-N- 
acetylglucosamino-a2HS (derivative VI, Table II; step 4, Table 
I) with a terminal GalNAc on the B-chain. 

( e )  Cleauage of a-Man. A-N-Acetylglucosamino-a2HS (4 
mg; derivative VI, Table 11 with 0-linked GalNAc) was treated 
with 4 units of a-mannosidase in 0.5 mL of 0.1 M sodium 
citrate buffer (pH 4.7) containing 10 mM ZnAc2. Release 
of Man was followed over an incubation time of 3 days (40% 
of the enzymatic activity remained), and the cleaved monosac- 
charide was determined as described by Walsh et al. (1990). 
Following chromatography on Sephadex G- 100, lyophilization 
afforded 3 mg (yield 78%) of a-a-mannosino-a2HS (derivative 
VII, Table 11; step 5 ,  Table I). 

( 3 )  Evaluationof the Purity of the a2HSDerivatives. Each 
gp derivative was analyzed by SDS-PAGE (Laemmli, 1970). 
N-Terminal sequence analysis was performed with the aid of 
a Beckman liquid-phase sequencer (Model 890C). Similar 
to results obtained in our previous studies (Walsh et al., 1990; 
Watzlawicket al., 1991), the polypeptide chains of a2HS also 
remained intact throughout these procedures. 

( 4 )  Chemical Analyses. The acid hydrolysis conditions for 
liberating the different sugars from the protein and the methods 
for quantifying these sugars and proteins were discussed in 
detail by Walsh et al. (1990) [for specific details of analysis 
for NeuAc, Gal, Man, GlcNAc, and GalNAc, respectively, 
see Silver et al. (1990), Kurz and Wallenfels (1 974), Gawehn 
(1974), Preinl (1987), and Watzlawick et al. (1991)]. An 
interesting problem in determining the GalNAc content was 
noted. After acid hydrolysis of the gp and reacylation, the 
liberated GalNAc value was too high. Interference by an 
acetylated amino acid on the HPLC separation was suspected, 
so the acetylated amino acids and/or peptides were removed 
on Dowex 1-X4 prior to sugar measurement. Subsequent 
determination of GalNAc afforded the expected value. 

RESULTS 
( I )  Asialo-a2HS. In step l a  (Table I), VCS was used 

resulting in almost complete release of sialic acid (98% 6 h). 
Therefore, when this enzyme was employed, it was not possible 
to differentiate between a2-3- and a2-6-linked NeuAc. To 
determine unambiguously the type of a-ketosidic linkage(s) 
of NeuAc, two other sialidases with distinct specificities (Table 
I) were next utilized. As shown in Figure 1, Arthrobacter 
ureafaciens sialidase readily released -60% of the NeuAc 
within 1 h at higher enzyme concentration, and almost 
complete liberation was obtained at low enzyme concentration 
within 23 h. However, using fowl plague virus sialidase, only 
40% of the NeuAc was released within the same period of 
incubation. After the incubation time was extended to 33 h, 
no significant increase in the cleavage of NeuAc was observed. 
With the total NeuAc content of 6.2 residues, these data 
indicate that 2.5 NeuAc residues are a2-3 linked, whereas 
the remaining NeuAc (3.7 residues) possess an a 2 4  bond. 

(2 )  Agalacto-a2HS. For cleavage of the penultimate 
monosaccharide, Gal, two different 8-galactosidases with 

Watzlawick et al. 
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FIGURE 1: Time course of the release of NeuAc during digestion of 
native a2HS with 50 (X) or 3 (0) milliunits of Arthrobacter 
ureufaciens sialidase or 0.05 milliunit of fowl plague virus sialidase 
(0). 

distinct specificities were utilized: &galactosidases from 
Streptococcus pneumoniae, which hydrolyzes Galj314lcNAc 
but neither Gal,91-3GlcNAc nor GalOl-6GlcNAc (Paulson 
et al., 1978), and bovine testes @-galactosidase, which 
hydrolyzes both the j31-4 and 81-3 linkages of various 
substrates, Gal@ l-4GlcNAc, Gala 1-3GlcNAc, and Gala1 - 
3GalNAc but not GalflldGlcNAc or Galgl-2GlcNAc 
(Distler & Jourdian, 1973). Digestion of asialo-a2HS with 
the former galactosidase resulted in the release of 4 residues 
of Gal/mol of protein, indicating that these Gal residues are 
01-4 linked to GlcNAc. Subsequent digestion with bovine 
testes 8-galactosidase cleaved 3 (actually 2.6) further Gal 
residues. Therefore, asialo-azHS possesses 4 81-4-bound Gal, 
characteristic of N-glycosidic chains, and 3 81-3-linked Gal 
which were assigned to the 0-linked oligosaccharides. 

(3) A-N-acetylgalactosamino-a2HS. Treatment of aga- 
lacto-a2HS with a-N-acetylgalactosaminidase led to the 
release of 2.6 GalNAc residues. aGalNAc residues are known 
to exist only in 0-glycosylated proteins (Baenziger, 1984). 
With the release of approximately 3 GalNAc residues, 
confirmation of the presence of 3 0-glycosylation sites was 
obtained. This enzyme reaction afforded a2HS devoid of 
0-chains. 

( 4 )  A-N-acetylglucosamino-a2HS. To cleave GlcNAc, 
which is the terminal sugar of the N-chains of agalacto-a2HS 
(derivative 111, Table 11) and of a-N-acetylgalactosamino- 
a2HS (derivative IV, Table 11), jack bean 8-N-acetylglu- 
cosaminidase was utilized. This enzyme hydrolyzes 
GlcNAcj314Man 3 times slower and GlcNAcj3ldMan 4 
times slower than GlcNAco1-2Man (Takasaki & Kobata, 
1986). The release of GlcNAc was monitored over a prolonged 
period of enzyme treatment; 60% of the GlcNAc was released 
within 24 h, while the remaining GlcNAc residues were 
liberated during the subsequent 4 days (total 3.4 residues). 
Moreover, since 4 GlcNAc residues were released from the 
agalacto and the a-N-acetylgalactosamino derivatives, these 
4 GlcNAc residues must reside with two N-glycans, indicating 
a biantennary structure of the two N-chains. It should be 
noted that a2HS has been reported to be sulfated but to a 
minutedegree (0.1 mol/mol of protein) (Hortin et al., 1986). 
However, the sulfate content did not influence the amount of 
released sugar. 

(5 )  A-a-mannosino-a2HS. The time course of the liberation 
of Man from a-N-acetylglucosamino-a2HS indicated that 
-50% of aMan was easily released by the jack bean 
a-mannosidase. As this enzyme readily hydrolyzes Mana 1- 
2Man and ManaldMan but cleaves the Manal-3 linkage 
approximately 15-fold slower (Fournet et al., 1981), -50% 
of the aMan appears to be a l - 6  or a1-2. However, the latter 
linkage does not occur in the trimannosyl core. The other 
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aMan was released very slowly, a finding that can be explained 
by an al-3 linkage. After an incubation period of 3 days, 3.5 
Man residues were liberated. These results agree with the 
notion that 4 aMan are contained in the two biantennary 
N-chains, of which 2 aMan are linked in a l - 6  linkage and 
the other two in al-3 linkage. 

(6) Integrity of the Polypeptide Chain. SDS-PAGE of 
the derivatives of a2HS did not demonstrate the presence of 
any low molecular weight polypeptide fragments (not shown). 
Also, N-terminal amino acid sequencing did not reveal any 
amino acids in addition to those expected from the native 
protein. 

(7) Monosaccharides Released by Glycosidases. The 
amount of monosaccharides released by sequential treatment 
of a2HS with exoglycosidases (Table I) agrees with the 
carbohydrate composition of a2HS determined by acid 
hydrolysis (Table 11). When the results from the present study 
were compared with the carbohydrate content reported for 
a2HS (Schwick & Haupt, 1984), the occurrence of 1 Fuc 
residue was noted. Bovine testes @-galactosidase does not act 
on Gal[Fuc]GlcNAc (Distler & Jourdian, 1973); however, 
digestion of asialo-azHS with this enzyme yielded complete 
release of Gal, as judged by the Gal content determined by 
the acid hydrolysis method. Therefore, Fuc must be attached 
to the chitobiose core of the glycans. For the evaluation of 
the degree of sialylation and galactosylation, it should be 
realized that every other a2HS molecule has only 2 Oglycans. 
Therefore, the sialylation is achieved to a degree of 95% and 
that of galactosylation to 100% (Kornfeld & Kornfeld, 1976). 

(8)  Chemical and Physicochemical Properties of a2HS and 
Its Derivatives. The carbohydrate compositions of a2HS and 
its derivatives are compiled in Table 11. As to the enzymatic 
cleavage of sugars of this gp, NeuAc was completely cleaved 
and Gal was cleaved to the extent of 94%. Removal of GalNAc 
was achieved to -85% in the presence of the GlcNAc of the 
2 N-biantennas. Subsequent removal of GlcNAc was also 
performed to about the same extent. The next step involving 
cleavage of the aMan was effected to - 88%. The total amount 
of carbohydrate cleaved was 66%. The methods and their 
sensitivities have been described in detail (Walsh et al., 1990; 
Watzlawick et al., 1991). 

The Mr of a2HS calculated from its composition (A-chain 
with 2 N-biantennary glycans including 1 Fuc and 2 0- 
trisaccharides and B-chain with 1 0-trisaccharide) was - 39 065. This value compares well with a Mr value of 40 000 
derived from physicochemical properties of the protein 
(Schmid & Burgi, 1961). The M, of the a2HS derivatives, 
as determined by SDS-PAGE, decreased at each step by 
approximately the Mr of the sugar residues cleaved. The 
exception is the NeuAc which, as it is well-known, causes the 
native protein to exhibit an increased apparent electrophoretic 
mobility. 

DISCUSSION 
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( I )  Structure of the N-Glycans. The 4 (actually 3.7) a2-6 
NeuAc residues must be assigned to the N-glycan (for 
discussion of this point, see the section on Oglycans). As to 
Gal, the N-glycans always have these residues in 01-4 linkage 
(Montreuil, 1982; Vliegenthart et al., 1985). Hence, the 4 
Gal residues released by the @1-4-specific @-galactosidase 
must be assigned to the N-glycans (see also the section on 
0-glycans). Digestion of agalacto-a2HS with 8-N-acetyl- 
glucosaminidase yielded essentially 4 (3.4) GlcNAc residues. 
Further evidence for 2 biantennary N-glycans were obtained 
from the enzymatic (a-mannosidase) determination of the 
fourth sugar, aMan. A triantennary structure could be 
excluded because only 4 Gal and 4 GlcNAc residues were 
removed by the appropriate enzymes. The structure of the 
N-glycans is as follows: 

NeuAca2 
1.8 

6GalQ+4GlcNAcQ+ZMand+6 , 
6GalQ~GlcNAc~1+22Hand+3 ’ Man61+4GlcNAc~1+4GlcNAc~l+N-Asn 

Sequential degradation of a native glycoprotein with 
exoglycosidases of defined specificity enables one to determine 
the type of anomeric configuration of the different monosac- 
charides, the monosaccharide sequences, and the linkages 
between sugars. When this procedure was applied to native 
a2HS and the number of 0- and N-glycosylation sites in the 
amino acid sequence (Gejyo et al., 1983) and the carbohydrate 
composition of each gp derivative were considered, the 
following conclusion was reached: the A-chain of a2HS 
contains 2 biantennary N- and 2 0-linked glycans. 

As indicated above, only 3.7 residues of a2-6 NeuAc rather 
than 4.0 such residues were identified, suggesting that the 
N-glycans are partially (-90%) sialylated. 

( 2 )  Structure of the 0-Glycans. Employing sialidases with 
different specificity, the number of a2-3-linked NeuAc was 
found to be 2.5 (also partially sialylated). The total NeuAc 
content of 6.2 residues, which essentially agrees with the 
maximum possible 7 NeuAc residues of the protein, consists 
of 4 residues from the 2 N-glycans and 3 residues from the 
0-glycans. As the Oglycans are known to contain, with few 
exceptions (Rana et al., 1987), a2-3-linked NeuAc residues 
(Montreuil, 1982; Baenziger, 1984; Berger et al., 1982; 
Kornfeld & Kornfeld, 1985), the 2.5 1x2-3 NeuAc residues 
are assigned to the 3 Oglycans. The remaining 3.7 a2-6 
NeuAc residues must, therefore, be assigned to the N-glycans. 
Further, the 3 B1-3 Gal must be assigned to the O-trisac- 
charides, because as far as is known, all Otrisaccharides 
possess only Galpl-3 (Montreuil, 1982; Baenziger, 1984) and 
the biantennary N-glycans always have Gal in B1-4 linkage 
(Montreuil, 1982; Vliegenthart, 1985). The amount of 
GalNAc (Tables I and 11) liberated after the release of Gal 
indicated the presence of 3 Oglycans in agreement with the 
finding of 3 sites for Oglycosylation (Yohioka et al., 1986) 
identified during aminoacid sequencing (Yoshioka et al., 1986) 
and the release of 3 GalNAc residues found in the present 
study. From these data it was concluded that all 3 Otrisac- 
charides have the structure NeuAca2-3Galj31-3GalNAcal- 
0. 

(a) To exclude the presence of an @tetrasaccharide and 
another trisaccharide with the structures NeuAca2-3Galj31- 
3 (NeuAca2-6)GalNAal-O, commonly occurring in glyco- 
proteins (Montreuil, 1982; Baenziger, 1984; Berger et al., 
1982), and Galpl-3 [NeuAca2-6]GalNAc, respectively, di- 
gestion of a2HS with a mixture of fowl plague virus sialidase, 
bovine testes @-galactosidase, and a-N-acetylgalactosamini- 
dase yielded equal amounts [2.5 (not 2.6) residues] ofNeuAc, 
Gal, and GalNAc residues. These results exclude a branching 
at GalNAc by an a2-6-bound NeuAc residue (see Table I for 
specificity of virus sialidase). Further, this experiment 
confirms the linear structure of the trisaccharide and the 
absence of a branched trisaccharide (GalS1-3 [NeuAca2-6]- 
GalNAc). 

(b )  To exclude the presence of the 0-hexasaccharide 
NeuAc2-3GalB 1-3 [NeuAca2-3Gal@ 1-4GlcNAcg 1-61 Gal- 
NAcal-O), which was found to be the main glycan of galacto- 
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gp (Akiyama et al., 1984), the following finding should be 
noted: after enzymatic treatment for cleavage of NeuAc and 
Gal, the resulting branched trisaccharide Gal@l-3 [(Glc- 
NAc@ld)]GalNAc would remain. From such a structure, 
however, no GalNAc could have been released in the third 
step, whereas in the present study, after treatment of azHS 
with VCS and @-galactosidase, a-N-acetylgalactosaminidase 
released GalNAc. Hence, the absence of the O-hexasaccharide 
is evident. 

( c )  To exclude the presence of 0-disaccharides with the 
structures GalBlJGalNAc or NeuAca2-6GalNAc as oc- 
curring in submaxillary mucins (Eckhardt et al., 1987), the 
following findings would be expected: NeuAc would be cleaved 
with sialidase from the latter disaccharide. But using 
@-galactosidase in the second step, no Gal would be released 
from this disaccharide, contrasting the finding described above. 
If the disaccharide Gal-GalNAc is assumed to be present, 
the sialidase step would yield no sugar in contrast to the 
experimental finding, thus excluding the presence of these 
two disaccharides. 

(3) Characterization of the Various Derivatives of a2HS. 
These derivatives can readily be defined in terms of their sugar 
compositions and in terms of the linear structure of their 
glycans using the amount and type of monosaccharide released 
at each degradation step and, equally important, the specificity 
of the enzymes employed. It should be noted first that, under 
the conditions employed for the preparation of these deriv- 
atives, the integrity of the polypeptide chain is maintained 
and, second, that only milligram amounts of starting gp are 
required for such analysis. 

The validity of this approach has recently been shown by 
studying the structure of fibrinogen isolated from a patient 
with an hereditary dysfibrinogenaemia (Dempfle et al., 1989). 
Furthermore, such an investigation allows assessment of the 
biological function of the protein due to the various terminal 
sugars of the carbohydrate moiety of the different derivatives. 
Thus, it is possible to correlate the essential monosaccharide 
of the glycans, unmasked by sequential enzymatic degradation 
of the carbohydrate moiety of the protein, with biological 
activity (Bennett & Schmid, 1980; Thotakura et al., 1990; 
Grinnell et al., 1991).2 

Watzlawick et al. 

Baskies, A. N., Chretian, P. B., Weiss, J. F., Makuch, R. W., 
Beveridge, R. A,, Catarona, W. J., & Spiegel, H. E. (1980) 
Cancer 45, 3050-3060. 

Bennett, M., & Schmid, K. (1980) Proc. Natl. Acad. Sci. USA 
77,6109-6113. 

Berger, E. G., Buddeke, E., Kamerling, J. P., Kobata, A,, Paulson, 
J. C., and Vliegenthart, J. F. G. (1982) Experientia 38,1129- 
1258. 

Biirgi, W. (1989) The biological role of the carbohydrate moiety 
of human plasma glycoproteins, in cq-Acid Glycoprotein: 
Genetics, Biochemistry, Physiological Functions, and Phar- 
macology (Baumann, P., Chin, B. E., Miiller, W. E., & 
Tillement, J.-P., Eds.) pp 23-45, Alan R. Liss, New York. 

Colclasure, G., Lloyd, W., Lamkin, M., Gonnerman, W., Troxler, 
R., Offner, G., Biirgi, W., Schmid, K., & Nimberg, R. (1988) 
J. Clin. Endocrinol. Metab. 66, 187-192. 

Dempfle, C. E., Kirchstein, W., Watzlawick, H., Brossmer, R., 
Simianer S., Harenberg, J., & Heene, D. L. (1989) Thromb. 
Haemostasis 62, 159. 

Distler, J. J., & Jourdian, G. W. (1973) J. Biol. Chem. 248, 
6772-6780. 

Drzeniek, R. (1973) Histochem. J .  5, 271-290. 
Eckhardt, A. E., Timpte, C. S., Abernethy, J. L., Toumadje, A., 

Johnson, W. C., Jr., & Hill, R. L. (1987) J. Biol. Chem. 262, 

Fournet, Bo, Strecker, G., Leroy, Y., & Montreuil, J. (1981) 
Anal. Biochem. 116, 489-502. 

Friebolin, H., Baumann, W., Keilich, G., Ziegler, D., Brossmer, 
R., & v. Nicolai, H. (198 1) HoppeSeyler’sZ. Physiol. Chem. 

Gawehn, G. (1974) in Methods in Enzymatic Analysis, 2nd ed. 
(Bergmeyer, H. U., Ed.) Vol. 11, pp 1225-1229, Academic 
Press, New York. 

Gejyo, F., & Schmid, K. (1981) Biochim. Biophys. Acta 671, 

Gejyo, F., Chang, J.-L., Biirgi, W., Schmid, K., Offner, G. D., 
& Troxler, R. F. (1983) J. Biol. Chem. 258, 4966-4971. 

Grinnell, B. W., Walls, J. D., & Gerlitz, B. (1991) J. Biol. Chem. 

Heremans, J. F. (1960) in Les globulines shiques du systPme 
gamma (Heremans, J. F., Ed.) pp 103-105, Arscia, Bruxelles. 

Hortin, E., Green, E., Baenziger, J. W., & Strauss, A. W. (1986) 
Biochem. J.  235, 407-414. 

Hubbard, S. C. (1989) J. Biol. Chem. 263, 19303-19317. 
Jentoft, N. (1990) Trends Biochem. Sci. 15, 291-294. 
Jones, S. E., Dziegielewska, K. M., Saunders, N. R., Christie, D. 

L., Sueiras-Diaz, J., & Szelke, M. (1988) FEBS Lett. 236, 
41 1-414. 

Kornfeld, R., & Kornfeld, S. (1976) Annu. Rev. Biochem. 45, 

Kornfeld, R., & Kornfeld, S. (1985) Annu. Rev. Biochem. 54, 
63 1-664. 

Kurz, G. & Wallenfels, K. (1974) in Methods in Enzymatic 
Analysis, 2nd ed. (Bergmeyer, H. U., Ed.) Vol. 11, pp 1241- 
1244, Academic Press, New York. 

11339-11344. 

362, 1455-1463. 

78-84. 

266,9778-9785. 

2 17-237. 

Laemmli, U. K. (1970) Nature (London) 227, 680-685. 
Lebreton, J. P., Joisel, F., Raoult, J., Lannuzel, B., Rogez, J. P., 

Lee, Ch., Bowman, B., & Yang, F. (1987) Proc. Natl. Acad. Sci. 

Lewis, J. G., & Andre, C. M. (1980) Immunology 3,317-322. 
Montreuil, J. (1982) Comprehensive Biochemistry Vol. 19B, Part 

Paulson, J. C. (1989) Trends Biochem. Sci. 14, 272-276. 
Paulson, J. C., Prieels, J.-P., Glasgow, L. R., & Hill, R. L. (1978) 

Rana, S. S., Chandrasekaran, E. V., & Mendicine, J. (1987) J. 

Schmid, K., & Biirgi, W. (1961) Biochim. Biophys. Acta 47, 

& Humbert, G. (1979) J. Clin. Invest. 64, 1118-1129. 

U.S.A. 84, 44034407. 

11, pp 1-188. Elsevier, Amsterdam. 

J.  Biol. Chem. 253, 5617-5624. 

Biol. Chem. 262, 3654-3659. 

440453. 

ACKNOWLEDGMENT 

The authors are very much obliged to Prof. H. Rott, 
University of Giessen, Giessen, Germany, for the generous 
gift of fowl plague virus sialidase, and to Prof. H. Gerhard 
Schwick, Behringwerke AG, Marburg/Lahn, Germany, for 
the most valuable starting material for this study, human 
plasma a2HS-glycoprotein. They also thank Mrs. Martina 
Rohnacher, Mrs. Christina Nehrbass, and Mrs. Birgit Hob1 
for their expert technical assistance and Anne Plunkett for 
preparation of the manuscript. 

REFERENCES 

Akiyama, K., Simons, E. R., Bernasconi, P., Schmid, K., van 
Halbeek, H., Vliegenthart, J. F. G., Haupt, H., & Schwick, 
H. G. (1984) J. Biol. Chem. 259, 7151-7154. 

Aston, B. A,, Hohling, H. J., & Triffitt, J. T. (1976) Calcif. 
Tissue Res. 22, 27-33. 

Baenziger, J. U. (1984) in The Plasma Proteins, 2nd ed. (Putnam, 
F. W., Ed.) Vol. IV, pp 27 1-3 15, Academic Press, New York. 

* The glycans of many gp are essential for their biological activities 
(Biirgi, 1989; Hubbard, 1989; Paulson, 1989; Jentoft, 1990). 



Glycan Structure of an azHS-Glycoprotein 

Schwick, H. G., & Haupt, H. (1984) in The Plasma Proteins, 
2nd ed. (Putnam, F. W., Ed.) Vol. IV, pp 167-220, Academic 
Press, New York. 

Silver, H. K. B., Karim, K. A,, Gray, M. J., & Salinas, F. A. 
(1981) J .  Chromatogr. 224, 381-388. 

Takasaki, S., & Kobata, A. (1986) Biochemistry 25,5709-5715. 
Thotakura, N. R., LiCalzi, L., & Weintraub, B. D. (1990) J. 

Triffitt, J., Gebauer, U., Ashton, B. A., Owen, M. E., & Reynolds, 

van Oss, C. J., Gillman, C. F., Bronson, P. M., & Border, J. R. 

Bioi. Chem. 265, 11527-1 1534. 

J. J. (1976) Nature (London) 262, 226-227. 

(1974) Immunol. Commun. 3,329-335. 

Biochemistry, Vol. 31, No. 48, 1992 12203 

Vliegenthart, J. F. G., Dorland, L., & van Halbeek, H, (1985) 
Adv. Carbohydr. Chem. Biochem. 41, 209-374. 

Walsh, M. T., Watzlawick, H., Putnam, F. W., Schmid, K., & 
Brossmer, R. (1990) Biochemistry 29, 6250-6257. 

Watzlawick, H., Walsh, M. T., Ehrhard, I., Slayter, H. S., Haupt, 
H., Schwick, H. G., Jourdian, G. W., Hase, S., Schmid, K., 
& Brossmer, R. (1991) Biochem. J. 277, 753-758. 

Williams, H. R., & Lin, T. S. (1971) Biochim. Biophys. Acta 
250,603-607. 

Wilson, J. M., Ashton, B., & Triffitt, J. T. (1977) Calcif. Tissue 
Res. 22, 458-460. 

Yoshioka, Y., Gejyo, F., Marti, T., Rickli, E. E., Btirgi, W., 
Offner, G. D., Troxler, R. F., & Schmid, K. (1986) J. Bioi. 
Chem. 261, 1665-1676. 


