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SUMMARY 

The detailed structures of the carbohydrate moiety of hCG have been 
determined. The structural analyses were carried out on all four aspara- 
gine-linked glycopeptides as well as serine-linked carbohydrate chains. 
The glycopeptides were prepared from the tryptic hydrolysates of the re- 
duced-S-carboxamidomethyl hCG-a and hCG-E and were purified by chroma- 
tography on Sephadex G-50 and preparative high voltage paper electropho- 
resis at pH 1.8. The serine-linked carbohydrate chains were cleaved by 
g-elimination with alkali in the presence of sodium borohydride and were 
purified by chromatography on Sephadex G-25. All glycopeptides and the 
oligosaccharide were examined for homogeneity by high voltage paper elec- 
trophoresis, paper chromatography, and chemical composition. The struc- 
tural studies involved the determination of intersugar and anomeric link- 
ages and monosaccharide sequences and were carried out by a combination 
of several techniques such as periodate oxidation, methylation and se- 
quential enzymatic degradation. 

Human chorionic gonadotropin (hCG) is made up of two subunits, a and 

8. The monosaccharide sequences and the tentative structures of the 

carbohydrate units based on the sequential degradation with exo-glyco- 

sidases have been proposed earlier (1,2). This communication describes 

the complete detailed structures, including monosaccharide sequences and 

intersugar and anomeric linkages, of all four asparagine-linked glyco- 

peptides and the c-glycosidic carbohydrate chain. The structures were 

derived from enzymatic degradation , periodate oxidation and methylation 

studies. 
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MATERIALS AND METHODS 

Human chorionic gonadotropin was prepared from a commercial preparation 
(Organon, West Orange, N.J.), essentially according to Bahl (3), with a final 
potency of 12,000 i.u./mg. The o. and 8 subunits were prepared by dissociation 
of purified hCG with 8 M urea followed by chromatography on DEAE-Sephadex, 
the separation of the subunits being accomplished by a stepwise salt gradient 
followed by chromatography on Sephadex G-100 (2,4). The enzymes B-galactosi- 
dase, 8-l-acetylglucosaminidase, a-mannosidase and a-N-acetylgalactosaminidase 
were isolated in the laboratory from a commercial preparation of Aspergillus 

(5). niger 
Preparation of N-Glycosidic Glycopeptides. The four N-glycopeptides, 

designated as aT-8, aT-11, 8T-2, and BT-3, were prepared rrom the reduced 
z-carboxamidomethyl hCG&and hCG-8 (6,7).- 
treatment with 0.025 N HCl at 80' for 1 hr. 

The subunits were desialized by 
After desalting on Sephadex G-25 

(coarse), with asialo subunits were digested with TPCK-trypsin. The trypsin 
hydrolysates were subjected to chromatography on Sephadex G-50 (1.5 cm x 150 
cd, the elution profile being followed by absorbance at 230 nm and by phenol- 
sulfuric acid test for sugars (8). The glycopeptide fractions were further 
purified by preparative high voltage paper electrophoresis. 

Isolation of 0-Glycosidic Carbohydrate Chain. hCG, 95 mg, was subjected 
to B-elimination with 0.1 N NaOH and 1.0 N NaBH, at 37'. The.O-glycosidic 
chain was separated from hCG by chromatography & Dowex 50 (HT using H20 as 
an eluant. The carbohydrate in the eluate was then purified by chromatography 
on a column of Sephadex G-25 (1.5 x 100 cm) previously equilibriated with 0.1 
M pyridinium acetate, pH 5.0. The fractions containing &acetylgalactosamin- 
itol were pooled. Finally, the oligosaccharide in the pooled fraction was 
further purified by re-chromatography on Sephadex G-25 (1.5 x 200 cm). 

Periodate Oxidation. The N-glycosidic glycopeptides and 0-glycosidic 
carbohydrate (100 nmoles) were treated with 0.05 M NaI04 (5-foid excess) at 
4O for 60 hrs in the dark. The reaction was then brought to pH 7.0 with 0.05 
M NaOH and made 0.25 M in NaBH 
uction was allowed to proceed 4 

by adding solid sodium borohydride. The red- 
or 24 hrs at 4O after which the reaction was 

stopped by the addition of glacial acetic acid. The borate was removed either 
as methyl borate or by chromatography on a Sephadex G-25 (fine) column equili- 
brated in 0.1% NH HC03. 

3 
The resulting periodate-oxidized and reduced material 

was then subjecte to mild acid hydrolysis by incubation with 0.5 N HCl at room 
temperature for 24 hrs. The periodate-oxidized, reduced, and acid-hydrolyzed 
glycopeptide was isolated by chromatography on Sephadex G-25 (fine). 

Methylation. The samples (100-200 nmoles) were carefully dried over 
P20 in vacua before dissolving in dimethylsulfoxide. 
metl?yi&ml 

Freshly prepared di- 
carbanion (9) was then added and the reaction mixture was 

kept for 2 hrs. Subsequently, after the addition of methyl iodide, the 
reaction was allowed to proceed for an hour. The methylated sample was 
extracted with chloroform and purified by chromatography on Sephadex LH-20 
(1 x 100 cm) using chloroform:methanol (2:1, v/v), The fractions contain- 
ing the methylated carbohydrate was subjected to acetolysis at 80-100'with 
0.5 N H SO4 
at 80° P 

in 95% glacial acetic acid for 16 hrs, followed by hydrolysis 
or 5 hrs after the addition of an equal volume of water. The hydro- 

lysate was neutralized with AG-3 (acetate), and the methylated sugars were 
reduced with 10 mg sodium of borohydride at room temperature for 3 hrs. Fol- 
lowing the removal of borate as methyl borate by the repeated additions of 
methanolic acetic acid ,othe methylated alditols were acetylated with pyridine- 
acetic anhydride at 100 for 1 hr. The alditol acetates in the sample were 
identified on a gas chromatograph equipped with a column of 3% OV-17 or 3% 
ECNSS-M using a linear temperature program, 120-190" at r/rain. 

Digestion with Glycosidases, The z- and g-glycopeptides and the 
subunits were digested with specific enzymes isolated from A, niger 
as described earlier (5). 
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Analytical Methods. The sialic acid was determined by the method 
of Warren (10). The neutral sugars were quantitated by a modification 
of the method of Lehnhardt and Winzler (11) for alditol acetates. The 
amino acid composition and hexosamine content was determined by an Amino 
Acid Analyzer as described earlier (1). 

RESULTS AND DISCUSSION 

Isolation and Chemical Compositions of N-glycopeptides and 0-oligosaccharide. 

The E-glycosidically-linked carbohydrate units are located at asparaginyl 

residues 52 and 78 in the a-subunit and 13 and 30 in the $-subunit (6,7). 

The c-glycosidic carbohydrates are present in the carboxy terminus of 

hCG-H. The structural studies were performed on the tryptic N-glycopeptides, - 

c%T-8, aT-11, HT-2, and HT-3, prepared as described earlier (6,7) from the 

reduced-z-carboxamidomethyl-asialo hCG-o and hCG-H and the c-oligosaccharide. 

The glycopeptides were purified from the tryptic hydrolysates by chromato- 

graphy on Sephadex G-50 and by preparative high voltage paper electrophoresis. 

The serine-linked carbohydrate chains were isolated by the H-elimination of 

hCG with NaOH and NaBH4 followed by chromatography on Sephadex G-25. The 

lJ-glycopeptides and g-glycosidic oligosaccharide thus obtained were homogeneous 

by high-voltage paper electrophoresis, and paper chromatography. The amino 

acid and carbohydrate compositions of the N-glycopeptides (Table I) and of - 

0-glycosidic carbohydrates further confirmed the purity of the preparations. - 

Furthermore, the amino acid compositions of the N-glycopeptides agreed with - 

those reported earlier (6,7). 

The carbohydrate compositions of aT-8 and UT-11 showed the presence 

of about 4 N-acetylglucosamine, - 3 mannose and 1 to 2 galactose residues. 

HT-2 and 6T-3 also had similar compositions with the exception of the 

presence of 0 to 1 residues of L-fucose in each (Table I). The variation 

in the values of L-fucose residues in bT-2 and $T-3 and of galactose resi- 

dues in all&J-glycopeptides is due to the commonly known phenomenon of 

micro-heterogeneity in glycoproteins. The serine-linked carbohydrate 

chains were made up of about 2 residues of sialic acid, present as z-acetyl- 

neuraminic acid, 1 of galactose and 1 of E-acetylgalactosaminitol. The 
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precise composition of the CJ-oligosaccharide chain is shown in Table II. 

Periodate Oxidation Studies. Periodate oxidation and reduction of aT-8 

and CXT-11 resulted in the destruction of almost all of galactose, two 

mannose; and 0 to 1 residues of FJ-acetylglucosamine depending upon the 

amount of the terminal galactose present, Similar results were obtained 

with ST-2 and ST-3 since the fucose content of these preparations was 

quite low. The mild acid hydrolysis of the oxidized-reduced glycopeptide 

resulted in a trisaccharide containing one mannose and two N-acetylglucosamine - 

residues, (Table I) and &acetylglucosaminyl-glycerol. The data indicate 

that all galactose residues, with the exception of those attached to L-fucose, 

are terminal, and two of the mannose are linked by 1,2 or 1,6 linkages, All 

of the E-acetylglucosamine are linked by 1,3 or 1,4 linkages except those 

which are exposed as a result of microheterogeneity. The formation of 

N-acetylglucosaminyl glycerol would rule out the presence of 1,4-linked 

mannose. The periodate oxidation of g-glycosidic carbohydrate unit result- 

ed in the complete destruction of sialic acid, indicating their terminal 

positions. This is also supported by their susceptibility to hydrolysis 

by 1. cholerae neuraminidase. Only 20% of galactose residues were terminal 

whereas the others were linked to sialic acid by 2,3-linkages. The N-acetyl- _ 

galactosaminitol was quantitively converted to threosaminitol, indicating 

that the N-acetylgalactosaminitol was substituted at positions 3 and 6, or 3. 

Methylation Studies. The carbohydrate structures of the E-glycosidic and 

c-glycosidic carbohydrates were further investigated by methylation, These 

studies were performed individually on all E-glycopeptides, and also on the 

(J-oligosaccharide. The results in Table III indicate that each of the 

g-glycopeptide contains about 2 residues of terminal galactose, 2 residues 

of 1,2-linked mannose, 1 residue of 1,3,6-substituted mannose and 4 residues 

of 1,4-linked N-acetylglucosamine. The ST-2 and ST-3 also showed some ter- - 

minal fucose. The methylation data were consistent with those of the perio- 

date oxidation. _ The 0-oligosaccharide on methylation showed 0.2 residues of 
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terminal galactose, 1.8 residues of 1,3-linked galactose and 1 residue of 

3,6-linked +cetylgalactosaminitol (Table III). 

Degradation with Glycosidases. Our earlier studies had shown the sequences 

and anomeric linkages in the asparagine-linked carbohydrate units, based on 

the sequential degradation with glycosidases, to be NANA (Fuc)~ Gal- Glu NAc- B F! 

Ma2. Similar studies have been repeated on the individual E-glycopeptides 

and will be described elsewhere, Enzymatic studies have also been carried 

out on the carboxy-terminal peptide, BC-19 (7) using 1. cholerae neuramini- 

dase, and A. niger &galactosidase and a-&&acetylgalactosaminidase. The neur- 

aminidase hydrolyzed all of sialic acid, 7 to 8 residues, indicating their 

terminal positions. The 8-galactosidase removed 3 to 4 galactose residues, 

and the a-&acetylgalactosaminidase cleaved 3 to 4 PJ-acetylgalactosamine 

residues. 

Based on these studies, the following structures have been assigned to 

the E- and (J-carbohydrates of hCG-a and hCG-8 (Fig. 1). Fig. 1 represents 

the complete structures which do not reflect the microheterogeneity present 

in the carbohydrates, For example, in aT-8 and CXT-11 the galactose values 

have always been found to be lower and range between 1 and 2 residues. It may 

be noted that fucose residues are present only in the y-glycosidic carbohy- 

drates in the 8, but not in the a-subunit. 

The structure of the asparagine-linked carbohydrate units presented in 

Fig. 1 differs considerably from those proposed for the carbohydrate in hCG-Ci 

by Kennedy and Chaplin (12). This structure was arrived at after several 

independent experiments and not only differs in monosaccharide sequence but 

also in intersugar linkages from those reported by the above authors. The 

monosaccharide sequences of peripheral sugar residues proposed in the present 

investigation are essentially identical to the tentative structures reported 

earlier (1,2). However, the major difference in the two proposals lies in 

the fine details. In addition, the size of the E-glycosidic carbohydrate 

units is found to be somewhat smaller than that proposed earlier, since the 
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62,3 .a,4 81.2 
(0) NANA -Go1 -GluNAc - Mon 

\ 
4.6 

Mon~GIuNAc~4GIuNAc-(Asn) 
A.3 ’ 

NANA 
IFUC) 

(bl 

H Ctl H HNAc CCMH 

1. Fig. The structures of the asparagine-and serine-linked carbo- 
hydrate units of hCG. (a). The structure of the asparagine linked units 
in hCG-o and hCG-8. Each of the hCG-8 carbohydrate unit has one residue 
of L-fucose which may be linked to galactose or N-acetylglucosamine 
residues.(b). The structure of the four serine-linked units in hCG-8. 

initial structures were based on a much higher molecular weight of hCG. 

Finally, it is interesting to note that similar structures for the asparagine- 

and serine-linked carbohydrate units have been found in other animal glyco- 

proteins (13). 
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