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For the structural analysis of the carbohydrate chains of N-,O-glycoproteins a 
straightforward strategy was developed based on the cleavage of the N-linked chains 
with immobilized peptide-N4-(N-acetyl-~-glucosaminyl)asparagine amidase-F (PN- 
Gase-F) from Flavobacterium meningosepticum, followed by alkaline borohydride 
treatment of the remaining O-glycoprotein material. This methodology was applied to 
the isolation of the Asn- and Ser-linked carbohydrate chains of human chorionic 
gonadotrophin. The structures of the isolated oligosaccharides were verified by 
500-MHz 1H-NMR spectroscopy. The Asn-linked sugar chains were shown to be: 
NeuAco~2-3Gal~1-4GIcNAc131-2Manc~l-6[NeuAc~2-3Gal/31-4GIcNAcf31-2Mano~l-3]Man 
~l-4GIcNAc~l-4[Fuco~l-6]0 ~GicNAc and Manc~l-6[NeuAco~2-3Gal/31-4GIcNAc/31-2Man 
~1-31Man~1-4GIcNAc/31-4GIcNAc. Also some minor constituents occurred. The struc- 
tures of the Ser-linked oligosaccharides were established in the form of their 
oligosaccharide-alditols as: NeuAcc~2-3Gal/31-3[NeuAcc~2-6tGalNAc, NeuAco~2-3Gal~ 
1-3GalNAc and NeuAco~2-3Gal~l-3[NeuAco~2-3Gal131-4GIcNAct31-6]GalNAc. 

In general it is not possible to determine the pr imary structure of a carbohydrate chain 
on an intact glycoprotein. Usually glycoproteins contain mul t ip le  sugar chains at 
definite Asn and/or Ser/Thr residues wi th different structures. Furthermore, 
microheterogeneity of the carbohydrate chains is a known phenomenon.  Therefore, 
preparation of partial structures of the polypept ide backbone having a single glycosyla- 
t ion posit ion or l iberation of the carbohydrate moieties from the polypept ide 
backbone is a prerequisite. For this purpose several chemical methods are available. 

Procedures which split off both N- and O-l inked chains are tr i f luoracetolysis [11 and 

Abbreviations: hCG, human chorionic gonadotrophin; h CG-c~, c~-su bu nit; hCG-~, ~-subu nit; EIA, enzyme Im- 
munoassay; PNGase-F, peptide-N4-(N-acetyl-~-glucosaminyl)asparagine amidase-F (EC 3.5.1.52); SDS, sodium 
dodecyl sulphate; GalNAc, N-acetylgalactosamine; GIcNAc, N-acetylglucosamine; NeuAc, N-acetylneu rami- 
nic acid; Man, mannose; Gal, galactose; Fuc, fucose. 
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alkaline hydrolysis [2]. However, these methods give rise to partial degradation of the 
reducing end of the carbohydrate chains. Also proteolytic digestion of the polypeptide 
backbone [3], resulting in heterogeneous peptide moieties linked to the carbohydrate 
chain, has its limitations. Moreover, when neighbouring chains occur, the intervening 
peptide backbone may resist proteolysis. Chemical methods that are claimed to be 
specific for the release of Asn-linked and Ser/Thr-linked oligosaccharides are 
hydrazinolysis [4] and alkaline borohydride treatment (/3-elimination reaction) [5], 
respectively. However, the hydrazinolysis conditions also give rise partly to cleavage of 
(GalNAc-)Ser/Thr linkages [4, 6], and on the other hand alkaline borohydride conditions 
split (GIcNAc-)Asn linkages to a certain extent [6, 7]. In addition, data are accumulating 
that hyd razi nolysis also causes some further degradation/conversion of N-linked chains 
[8-11], introducing still more heterogeneity. Thus, when a glycoprotein contains both N- 
and O-linked oligosaccharides, difficulties may be encountered because mixtures of N- 
and O-carbohydrate chains (and their degradation products) evolve using either 
hydrazinolysis or 13-elimination. Such mixtures present problems in structure elucida- 
tion since they are difficult to separate. To circumvent these problems, an alternative 
method using an enzymatic approach to release the N-glycosidic chains was studied. 

The use of endo-~-N-acetylglucosaminidases, leading to the cleavage of the core N,N" 
diacetylchitobiose, is limited because these enzymes are to some extent carbohydrate 
chain specific [12-14]. Recently, some peptide-N4-(N-acetyl-/3-glucosaminyl)asparagine 
amidases have become commercially available, which seem to be very promising for 
the analysis of N-linked carbohydrate chains. The enzymes have been shown to release 
oligomannose-, hybrid- and N-acetyllactosamine di-, tri- and tetra-antennary types of 
carbohydrate chains, which makes them generally applicable. Until now three sources 
of this enzyme have been reported: PNGase-F from Flavobacterium meningosepticum 
[.1349], PNGase-A from almond emulsin [20, 21] and PNGase-JB from Jack beans [22]. 
Small differences in substrate specificity may occur. For proteins in their native confor- 
mation, the susceptibility to these enzymes can vary. The rate of deglycosylation is 
greatly enhanced if the glycoprotein substrate is denatu red prior to enzyme treatment. 
The minimum oligosaccharide chain that is released from the protein by PNGase-F, the 
enzyme used in this study, is the N,N'diacetylchitobiosyl core unit [16]. In the case of 
a glycopeptide even a single N-acetylglucosamine residue linked to Asn can be 
liberated, provided that both the s-amino and carboxyl groups of the Asn-residue are 
in a peptide linkage. 

In the framework of our studies concerning the analysis of carbohydrate chains of N-,O- 
glycoproteins, we developed a strategy based on the cleavage of the N-linked chains 
with immobilized PNGase-F, followed by alkaline borohydride treatment of the remain- 
ing purified O-glycoprotein material. The procedure was tested on human chorionic 
gonadotrophin, as will be reported here. 

Materials and Methods 

Enzymes 

Pep;ide-N4-(N-acetyl-~-glucosaminyl)asparagine amidase-F (PNGase-F)isolated from 
Flavobacterium meninogsepticum (EC. 3.5.1.52) was a gift from Dr. W. H6sel (Boehringer 
Mannheim)./3-Galactosidase from Jack beans (EC. 3.2.1.23) was obtained from Sigma 
Chemical Co. (St. Louis, MO, USA). 
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Immobilisation of Enzymes 

[mmobilisation was carried out essentially according to the procedure recommended 
by Pharmacia. Lyophilized CNBr-activated Sepharose 4B (Pharmacia, Uppsala, Sweden), 
1 g, was swollen in 10 ml 1 mM HCI for 20 min and washed with 200 ml 1 mM HCI on a 
sintered glass filter. Freezedried PNGase-F (15 U; 1 U will hydrolyze 1 nmol dan- 
sylglycopeptide from fetuin per min at 37~ in 20 mM potassium phosphate buffer, pH 
7.2, containing 50 mM EDTA) was dissolved in 5 ml 0.1 M NaHCOJNa2CO3, pH 8.3, con- 
taining 0.5 M NaCI and mixed with the gel in a stoppered vessel. ~3-Galactosidase (2 U; 
1 U will hydrolyze 1/~mol p-nitrophenyl-/3-D-galactopyranoside per min at 37~ in 0.1 M 
sodium phosphate/citrate buffer, pH 5.5)was added as a suspension in 0.2 ml (N H4)2SO4, 
containing 25 mM sodium citrate, to 5.8 ml 0.1 M NaHCOjNazCO3, pH 8.3, containing 0.5 
M NaCI, and mixed with the gel. The mixture was rotated in an end-over-end mixer for 
16 h at 4~ after which the remaining reactive groups were blocked with 10 ml 1 M 
ethanolamine/HCI, pH 8.0. Finally, the product was washed with 0.1 M NaHCO3/Na2CO3, 
pH 8.3, containing 0.5 M NaCI, followed bya wash with 0.1 M sodium acetate buffer, pH 
4.0, containing 0.5 M NaCI. After repeating this procedure five times the product was 
suspended in the appropriate enzyme buffer. 

Preparation of Subunits 

Highly purified urinary hCG (10 900 l.E./mg) used in these studies, was provided by 
Diosynth, Oss, The Netherlands. Subunits were prepared by incubating hCG for 1 h at 
37~ in 8 M urea, adjusted to pH 6.0 with 0.01 M NazHPO4/NaHzPO4, containing 0.9% 
NaCI. The gel permeation chromatography on a Sephacryl S-200 column (121 x 0.52 cm) 
was carried out in the same urea buffer adjusted to pH 7.5. Subunit preparations were 
checked for purity by SDS-polyacrylamide gel electrophoresi s and EIA. 

Liberation and Fractionation of the N- and O-Glycosidic Carbohydrate Chains 

To liberate the N-linked carbohydrate chains, 10 mg hCG were dissolved in 0.5 m150 mM 
KzHPO4, adjusted with KOH to pH 8.5, containing 10 mM EDTA, 2% (w/v) SDS, 1% (v/v) 
mercaptoethanol, and incubated on a Sepharose 4B column (1 g dry material) with im- 
mobilized PNGase-F for 48 h at room temperature. The reaction products were eluted 
with 8 ml 50 mM KzHPO4, pH 8.5, and desalted on a Bio-Gel P-2 column (35 x 1 cm, Bio- 
Rad Labs, Richmond, CA, USA; 200-400 mesh). After lyophilization, the material was 
redissolved in 0.7 ml water (HPLC-quality) and fractionated on a Mono Q HR 5/5 column 
(Pharmacia FPLC-system) at a flow rate of 60 ml/h, using a linear concentration gradient 
from 0-50 mM NaCI in 8 ml water (HPLC-quality), followed by a steeper gradient from 
50-500 mM NaCI in 8 ml water. The N-glycosidic carbohydrate fractions were collected 
for further analysis. The protein-SDS fraction containing the O-linked carbohydrate 
chains was lyophilized, redissolved in 1 ml 0.1 M NH4Ac buffer, pH 5.5, and passed 
through a Bio-Gel P-6 column (27 x 0.55 cm, 200-400 mesh, Bio-Rad) in the same buffer. 
The void volume peak was collected, lyophilized and dissolved in 5 ml 0.1 M NaOH, con- 
taining 1 M NaBH4. After 25 h at 39~ the solution was neutralized to pH 6 with 4 M 
acetic acid and lyophilized. The material was suspended in 1 ml water and after cen- 
trifugation (5 min, 10 000 x g) the supernatant was desalted on a Bio-Gel P-2 column. 
After lyophilization the residuewas fractionated on Mono Q as described above. The N- 
and O-glycosidic carbohydrate fractions were desalted and analyzed by 500-MHz ~H- 
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NMR spectroscopy. The same procedure was used to liberate, fractionate and identify 
the carbohydrate chains of free o~- and ~-subunits. 

Liberation of the N-Linked Oligosaccharides by Hydrazinolysis 

Hydrazinolysis was carried out according to [4 I. Briefly, thoroughly dried hCG (10 mg) 
was suspended in 0.6 ml anhyd rous hydrazine and heated for 8 h at 100~ After evapora- 
tion of hydrazine, the material was N-reacetylated and reduced. For the reduction with 
3H-labeled NaBH4, one sixth of the sample was dissolved in 0.2 ml 0.08 M NaOH and 
treated with NaBH4 containing 1.5 mCi NaB3H4 in 0.185 ml N,N-dimethylformamide. The 
remaining part was reduced with NaB2H4. To facilitate the detection of oligosaccharide- 
alditols in further purification procedures, 1.0 x 105 cpm of the radioactive oligosac- 
charide mixture was added to the sample. Paper electrophoresis (Whatman 3MM 
paper, 4 kV, 70 V/cm) was carried out using a pyridine/acetic acid/water buffer, 3/1/387 by 
vol, pH 5.4. The oligosaccharide-alditols were recovered from the paper by elution with 
wate r. 

Sugar Analysis 

Sugar analysis was carried out by GLC on a capillary CPsil 5 WCOT fused silica column 
(25 m x 0.34 mm i.d., Chrompack, Middelburg, The Netherlands) using a Varian 
Aerograph 3700 gas chromatograph. The trimethylsilylated methyl glycosides were 
prepared by methanolysis, N-(re)acetylation and trimethylsilylation [231. 

Methylation Analysis 

Methylation analysis on 0.1 mg oligosaccharide-alditol was carried out essentially as 
described by Waeghe et al. I241. The permethylated material was hydrolyzed in 4 M 
trifluoroacetic acid. Combined GLC-MS was performed on a Carlo Erba GC/Kratos MS 
80/Kratos DS 55 system; electron energy, 70 eV; accelerating voltage, 2.7 kV; ionizing cu r- 
rent, 0.1 mA; ion source temperature, 224~ capillary BP 1 WCOT fused silica column 
(25 m x 0.33 mm i.d.; S.G.E., Ringwood, Australia). 

500-MHz 1H-NMR Spectroscopy 

Prior to 1H-NMR spectroscopic analysis the desalted samples were repeatedly treated 
with 2H=O, finally using 99.96 atom % 2H20 (Aldrich, Milwaukee, WI, USA) at p2H 7 and 
room temperature. 500-MHz IH-NMR Spectra were recorded using a Bruker WM-500 
spectrometer (SON hf-NMR facility, Department of Biophysical Chemistry, University of 
Nijmegen, The Netherlands) operating in the pu Ised Fou tier-transform mode at a probe 
temperature of 26~ Resolution enhancement of the spectra was achieved by 
Lorentzian-to-Gaussian transformation I26]. Selective suppression of the HO2H-line 
was performed according to [271. Chemical shifts are expressed in ppm downfield from 
internal sodium 4,4-dimethyl-4-silapentanesulfonate, but were actually measured by 
reference to internal acetone (6=2.225 ppm in 2H20 at 27~ with an accuracy of 0.002 
ppm. 
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Table 1. Molar carbohydrate composi t ion of hCG, ~-subunit  and c~-subunit 

Monosaccharide hCG hCG-~ hCG-c~ 

Fuc 0.3 0.9 0 
Gal 2.4 5.4 2.0 
Man ~' 3 3 3 
G I c NAc u 4.7 5.4 3.4 
GalNAc 0.9 2.7 0 
NeuAc 3.3 7.2 1.1 
Xyl c 0.2 0.3 0 

a Mannose taken as 3.0 
u Corrected for the amount of Asn-linked N-acetylglucosamine that is not cleaved under the conditions of 

methanolysis 23 
Xylose can be considered as a contaminant 

E/A 

Sandwich enzyme immunoassays were carried out as follows: 0.1 ml samples (approx. 
50 m IE hCG, oz- or ~-subunit) were incubated on microt i ter plates in the dark (2 h, room 
temperature) with immobi l ized monoclonal mouse anti-c~- or anti-~-subunit anti- 
bodies. The complex formed was washed and conjugated with 0.1 ml polycional 
horseradish peroxidase-labeled mouse anti-hCG ant ibody (90 min, room temperature). 
The wells were washed and the complex was detected by reaction wi th tetramethylben- 
zidine in the presence of urea peroxide. After addit ion of 4 M sulphur ic  acid a' yel low 
derivative was formed which was measured spectrophotometrical ly. 

Results 

Highly puri f ied ur inary hCG gave only two bands on SDS-polyacrylamide gel elec- 
trophoresis [28]. The upper band coincided with free ~-subu nit and the lower band with 
free c~-subunit (results not shown). No other bands were visible. The sugar analysis data 
of native hCG, hCG-~ and hCG-c~ are presented in Table 1. In accordance wi th previous- 
ly described results ([6] and references cited therein), neither N-acetylgalactosamine, 
nor fucose were found in the c~-subunit. 

The three samples were subjected to the degradation and working-up procedure as 
schematically depicted in Fig. 1. The amidase activity of PNGase-F was checked using 
human serum transferrin, y ielding N-acetyllactosamine type of di- and tr i-antennary 
oligosaccharides (cf. {291). 

N-Glycosidic Carbohydrate Chains 

After treatment of 10 mg denatured hCG with immobi l ized PNGase-F, chromatography 
of the digest over Mono Q gave rise to four main fractions, denoted NN, N1, N2 and N3, 
respectively (Fig. 2). Fraction NN represents non-glycoprotein-derived neutral material. 
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Figure 1. Schematic representation of the isolation procedure for N- and O-g]ycosidic carbohydrate chains of 
N-,O-glycoproteins. 

N1 and N2 had the same elution volumes as reference di-antennary monosialo- and 
disialo- oligosaccharide-alditols obtained from human serum transferrin [291. The 
retention time of fraction N3 was approximately the same as that of the protein-SDS 
complex from the model transferrin study (see above). The fractions N1 and N2 were 
analyzed by 500-MHz 1H-NMR spectroscopy. The relevant NMR parameters, together 
with those of some reference compounds, are compiled in Table 2. Because the 1H- 
NMR structural-reporter groups of N1 and N2 oligosaccharides, having a reducing 
chitobiose unit, have not been reported before, these data will be discussed in some 
detail. 

The 1H-NMR data of fraction N1 reveal that it contains mainly the following oligosac- 
charide (see f30]). 
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Figure 2. Fractionation pattern of the PNGase-F digestion products derived from hCG on an FPLC HR 5/5 Mono  
Q column. 
PNGase-F digested hCG was desalted, Jyophilized and dissolved in 0.7 ml water (HPLC quality). The column 
was eluted with a l inear concentrat ion gradient (---4 from 0-50 mM NaC1 in 8 ml water (HPLC quality), fol lowed 
bya steeper gradient from 50-500 mM NaCI in 8 ml water at af tow rate of 60 mf/h. Injection volu me 0.1 ml, detec- 
t ion 214 nm, sensitivity 1.0 AU. Fractions were collected as indicated. 

The characteristic pattern of the Man-H-1 and H-2 signals prove the occurrencepf  the 
usual Man~l-6[Man~1-31Manf31-4 core I251. The terminal posit ion of Man-4' can be 
deduced from the typical chemical shift of its H-2 signal at 6=3.973 ppm (compare with 
reference structure 23 [251). The latter assignment is based on selective 1H-decoupling 
of Man-4' H-1. The presence of an ~-(2-3) sialylated N-acetyllactosamine unit, linked/31-2 
to Man-4, is evident from the combinat ion of the posit ion of the H-1 and H-2 signals of 
Man-4, the H-1 signal of GIcNAc-5, the H4 and H-3 signals of Gal-6, and the H-3e and H-3a 
signals of NeuAc (com pare wi th 36 I251, and [311). In the area of the N-acetyl singlets the 
signals at ~ = 2.031 ppm and 2.047 ppm belong to NeuAc and GIcNAc-5, respectively 
(compare with 35 and 36 [25i). Therefore, the addit ional signals at 6 = 2.038 ppm and 6 
= 2.078 ppm represent the chitobiose GIcNAc-1 and GIcNAc-2 residues, respectively, in 
accordance with reference structu re HST. The presence of GIcNAc-1 in a reducing posi- 
t ion (H-I~; 6 = 5.187 ppm,J1,2 = 3.5 Hz: H-I~; 6 = 4. 703 ppm, J1,2 = 7.5 Hz) inf luences the 
chemical shift value of GIcNAc-2 H-1. Because of the anomerization-effect, doublets for 
the GIcNAc-2 H-1 are found at 8 = 4.609 and 4.601 ppm. It is noteworthy, that there are 
no anomerizat ion effects on the H-1 and H-2 signals of Man-3, nor on the NAc signals of 
GIcNAc-1 and GIcNAc-2 (see also !32]). 

Low intensity signals at ~ -- 1.212 ppm, 8 = 1.225 ppm, 6 = 2.094 ppm and 6 = 4.892 ppm 
indicate the presence of compound(s) in fraction N1 having Fuco~(1-6) l inked to 
GIcNAc-1. Small intensity signals at ~ = 4.472 ppm and 6 -- 4.928 ppm suggest the 
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presence of terminal Gal/3(1-4) lin ked to GIcNAc at the Manor1-6 arm, as indicated in [30]. 
From the relative intensities of these signals it can be deduced that approximately 5% 
of fraction N1 has the following structure: 

6' 5' 4' 
Gal/31-4GIc NAc~31-2Mancd (Fuc~l)^ A 

6 u-~ 6 3 2 
Man/31-4GIcNAct31-4GIcNAc 
3 1 

N euAco~2-3Gal/31-4G Ic NAc~l-2Manod 
6 5 4 

(NIB) 

As is evident from comparison with the 1H-NMR data of reference compounds 38, 45 
[25] and HST (see Table 2), fraction N2 contains 

6' 5' 4' , , CFuc~l~04 
NeuAcc~2-3Gal~l-4GIc NAc/31-2Mancd 3 2 6 

6 / 
Man/31-4GIcNAct31-4GIc NAc 

3 1 
NeuAc~2-3Gal/31-4GIcNAc/31-2Man~1 

6 5 4 
(N2A: with Fuc; N2B: wi thout  Fuc) 

The structural-reporter groups of the di-antennary o~(2-3)-sialylated outer chains and the 
mannotriose core unit are essentially the same as those reported for reference com- 
pound 38 I25]. The partial occurrence of an ~(1-6)-Iinked fucose residue on GIcNAc4 of 
the reducing N,N'diacetylchitobiose u nit (approximately30%)is reflected bythe detec- 
tion of the typical signals for H-1 (8 = 4.892 ppm; J1,2 = 35 Hz), H-5 (8 = 4.100 ppm) and 

Table 2. 1H-Chemical shifts of structural-reporter-group protons of the constituent 
monosaccharides for the oligosaccharides NIA, N2A and N2B derived from hCG, 
together with those for the reference compounds 23, 35, 36, 38, 45 [251, and HST (deriv- 
ed from human serumtransferrin). Chemical shifts are given at 300 K, in ppm downfield 
from internal sodium 4,4-dimethyl-4-silapentanesulfonate in 2H20. Compounds are 
represented by short-hand symbolic notation [25]; @, GIcNAc;~I~, Man; [Z], Fuc; I1, Gal; 
A, NeuAcc~2-3; C), NeuAcc~2-6. 

'For numbering of the monosaccharide residues, see text. 
2Tentative assignment. 
3Ppm-value obtained via selective suppression of the HO2H-line. 
4Ppm-value obtained at 333K (NeuAc kept at 8 = 2.031 ppm) 
5Ppm-value obtained by selective irradiation of Man 4' H-1. 
6ppm-value obtained by selective irradiation of Fuc CH3. 
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Figure 3. Fractionation pattern of the PNGase-F digestion products derived from c~-(A) and ~-subunit (B) of 
hCG on an FPLC HR 5/5 Mono Q column. Sensitivity 0.2 AU. For further details see Fig. 2. 

CH3 (c3 = 1.223 ppm,/3-anomer;  6 = 1.212 ppm, ~-anomer;Js. 6 = 6.5 Hz). The chemical 
shift of Fuc H-5 was determined by selective decoupl ing of Fuc CH3. This series of 
structural-reporters forms a new set, being different from the sets described earlier for 
c~(1-6)-Iinked fucose at GIcNAc-1 in glycopeptide structures (H-l, 6 = 4.876 ppm; H-5, 8 = 
4.125 ppm; CH3, c3 = 1.207 ppm [25]) and at G IcNAc- I -OL in oligosaccharide-alditol struc- 
tures (H-l, 6 = 4.896 ppm; H-5, 6 = 4.071 ppm; CH3, c3 = 1.224 ppm [331). The reducing N,N" 
diacetylchitobiose is represented by the GIcNAc-1 and GIcNAc-2 H-1 and NAc signals. 
The GIcNAc Ft4c~ and H4/~ signals are present at ~3 = 5.188 ppm (J1,2 = 3.3 Hz) and 6 = 4.694 
ppm (J~,2 = 7.3 Hz), respectively. Because of the partial fucosylation two GIcNAc-2 H-1 
sets are observed. For the non-fucosylated structureN2B the two doublets (anomeriza- 
tion-effect) for GIcNAc-2 H-1 are fou nd at 6 = 4.611 ppm (J~,2 = 7.8 Hz) and 6 = 4.601 ppm 
(JL2 = 7.8 Hz). The fucosylated structure N2A shows a doublet  for GIcNAc-2- H4 at c3 = 
4.665 ppm (Jh2 = 7.8 Hz). The difference in chemical shifts between the two sets is com- 
parable with that observed earlier for non-fucosylated and c~(t-6)-fucosylated glycopep- 
tides (At3 = +0.068) [25]. There are no indications that fucosylation influences the 
resonance position of the GIcNAc-1 NAc signal. The same phenomenon  was found for 
carbohydrate chains terminated by GIcNAc- I -OL [29, 331 (see also [25] for g lycopep  
tides). On  the other hand the position of the GIcNAc-2 NAc signal is influenced in a 
similar way as reported for glycopeptides and oligosaccharide-alditols [25, 29, 34]. The 
NAc signal of GIcNAc-2 in the fucosylated oligosaccharide (8 = 2.096 ppm) is shifted 
0.014 ppm upfield inthe non-fucosylated compound (6 = 2.082 ppm). Apart  from c~(2-3)- 
linked NeuAc, a few per cent of the di-antennary disialo compound with the NeuAc 
group in c~2-6 linkage to Gal-6/6' also occurs, as is indicated by the chemical shifts at 
= 1.718 ppm (H-3a of NeuAc/NeuAc') ,  c3 -- 2.669 ppm (H-3e of NeuAc/NeuAc') ,  6 = 4.450 
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Figure 4. Fractionation pattern of the 13-elimination products derived from N-deglycosylated hCG on an FPLC 
HR 5/5 Mono Q column. Sensitivity 0.2 AU. For further details see Fig. 2. 

ppm (H-1 of Gal-6/Gal-6'), 6 = 4.946 ppm (H-1 of Man-4'), 6 = 5.137 ppm (H-1 of Man-4) and 
= 4.775 ppm (H-1 of Man-g) [25]. 

To ascertain the distribution of the two types of N-glycosidic chains over the c~- and l~- 
subunit, these subunits were prepared and the carbohydrate chains were released and 
characterized as described for intact hCG. The Mono Q elution profiles of the car- 
bohydrate and protein material of the c~- and ~3-subunits derived from 6 mg hCG are 
depicted in Fig. 3A and 3B, respectively. Fractions N1 and N2 have the same elution 
volumes as the corresponding fractions derived from native hCG (Fig. 2) and were prov- 
ed to be compounds NIA and N2B (c~-subunit) and NIA and N2A + N2B (/3-subunit) by 
500-MHz 1H-NMR spectroscopy. Based on the UV-absorption in the Mono Q pattern the 
molar ratio of mono-antennary monosialo and di-antennary disialo compounds (com- 
pounds NIA and N2A/N2B, respectively) is approximately 1:1 in the c~-subunit, while in 
the/3-subunit the ratio is approximately 1:4. The occurrence of the mono-antennary 
monosialo compound N1A in the/3-subu nit cannot be ascribed to contamination of the 
/3-subunit fraction with o~-subunit or intact hCG, as PAGE and EIA showed the ~- and/3- 
fractions to be essentially pure. Based on the intensities of the relevant fucose 1H-NMR 
signals, 50% of the di-antennary disialo compounds of the/3-subunit are fucosylated. 
No fucose signals could be detected in the NMR-spectra of mono-anten nary monosialo 
and di-antennary disialo compounds derived from the c~-subunit which is in agreement 
with the sugar analysis data and earlier published work [6, 30, 35]. 
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Table 3. 'H-Chemical shifts of structural-reporter-group protons of the constituent 
monosaccharides for the oligosaccharide-alditols 01, U2 and 03 obtained from hCG, 
together with those for the reference compounds A [36], B [36] and C [7]. A superscript 
at the name of a sugar residue indicates to which position of the adjacent monosac- 
charide it is glycosidically linked. A second superscript is used to discriminate between 
identically linked NeuAc residues, by indicating the type of linkage of the neighbouring 
residue in the sequence. For further details, see Table 2;~k, GalNAc-OL. 

Reporter- Residue 
group 

A O1 B 0 3  C 0 2  

H-2 GalNAc-ol 4.390 4.388 4.378 4.378 4.387 4.388 
H-3 4.074 4.069 4.067 4.068 4.066 4.064 
H-4 3.498 3.496 3.524 3.523 3.441 3.442 
H-5 4.187 4.186 4.240 4.238 4.265 4.264 
H-6 3.68 n.d. 3.84 n.d. 3.928 n.d. 
H-6' 3.65 n.d. 3.475 3.471 n.d. n.d. 
NAc 2.046 2.044 2.042 2.042 2.065 2.065 

H-1 Gal 3 4.547 4.548 4.541 4.542 4.529 4.532 
H-3 4.122 4.120 4.117 4.115 4.113 4.115 
H-4 3.931 3.929 3.927 3.927 3.928 n.d. 

H- 1 GlcNAc - - 4.550 4.551 
H-6 - 4.004 4.007 
NAc 2.062 2.062 

H- 1 Gal 4 4.545 4.546 
H-3 - 4.113 4.115 
H-4 - 3.956 3.956 

H-3a NeuAc 3,3 1.800 1.799 1.800 1.799 1.800 1.800 
H-3e 2.774 2.771 2.774 2.775 2.775 2.777 
NAc 2.034 2.033 2.032 2.032 2.033 2.032 

H-3a NeuAc 6 1.692 1.692 
H-3e 2.723 2.725 
NAc 2.032 2.032 

H-3a NeuAc 3,4 1.800 1.800 
H-3e 2.755 2.753 
NAc 2.031 2.032 

O-Glycosidic Carbohydrate Chains 

After the Asn-linked oligosaccharides had been removed from the glycoprotein, the O- 
glycosidic chains were liberated by alkaline borohydride treatment. The reaction pro- 
ducts were separated on Mono Q and the three main fractions 01, 02, and 03 (Fig. 4) were 
analyzed by 1H-NMR spectroscopy. 

140 



The 1H-NMR data of the structural-reporter groups, together with those of reference 
compounds A, B [36] and C [71 are presented in Table 3. From these data it can be con- 
cluded that fraction 01 contains, as the only carbohydrate, the trisaccharide 

NeuAc~2-3Galfil-3GalNAc-OL 

fraction 02 the hexasaccharide 

NeuAcc~2-3Galfiq 
3 
GalNAc-OL, 
6 

N euAcc~2-3Gal/31-4G Ic NAcfil 

(02) 

and fraction 03 the tetrasaccharide 

NeuAco~2-3Galfil 
3 
GalNAc-OL, 
6 

NeuAccr 

(03) 

Based on the UV-absorption in the Mono Q pattern the molar ratio of 01, 02 and 03 
amounts to 3:1:3. 

Discussion 

In th is paper a general strategy for the separate isolation of oligosaccharide chai ns from 
N-,O-glycoproteins has been described. The reported combination of an enzymatic ap- 
proach for the release of all types of N-linked chains (PNGase-F) and a chemical ap- 
proach for the release of all types of O-linked chains, eliminates the problems which 
can arise when only chemical methods or not generally applicable enzymatic methods 
are used (see introduction). For the application of PNGase-F, the following items are of 
importance. An efficient procedu re to check the activity of the enzyme is necessary. The 
liberation of the N-linked carbohydrate chains by the PNGase-treatment can be deter- 
mined by a difference assay on the amino acid analyzer, by SDS-polyacrylamide gel- 
electrophoresis or by sugar analysis on the remaining protein fraction after PNGase- 
treatment. For instance, sugar analysis on part of fraction N3 (representing the protein- 
SDS complex resulting after PNGase-F digestion) revealed that, apart from the mucin 
type of carbohydrate chains, a few per cent of N-glycosidic material remained on the 
PNGase-F digested glycoprotein. Indeed upon a second incubation on the PNGase-F 
column some additional di-antennary disialo oligosaccharides (denoted structures 
N2A/N2B) were released, but no monosialo carbohydrate chains were detected. 

In previous studies [30, 37] it was reported that the o~-subunit contains a substantial 
amount of the fucose-free derivative of compound N1B, whereas the/8-subunit was 
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reported to contain both the fucose-containing and fucose-free derivatives of com- 
pound NIB. However, in our approach only traces of the di-antennary monosialo car- 
bohydrate structures N1B could be detected. In a more recent publication of Mizuochi 
et al. I381 it remains unclear whether the di-antennary structures are fully sialylated or 
not. To exclude that the almost complete absence of Asn-linked sugar chains with galac- 
rose in a terminal position was the result of a contamination of the PNGase-F column 
with /3-galactosidase and /3-N-acetylhexosaminidase activities (which would degrade 
structure NIB to structure N1A), a control experiment was carried out. Incubation of p- 
nitrophenyl-/3-D-galactopyranoside on the PNGase-F column under the same condi- 
tions as the glycoprotein did not yield free galactose. When p-nitrophenyl-/3-D- 
gatactopyranoside was incubated on a Sepharose-4B column with immobilized /3- 
galactosidase, galactose was released completely. Liberation of the Asn-linked sugar 
chains via the hyd razinolysis procedure [4] and subsequent analysis of the isolated pro- 
ducts by 500-MHz 1H-NMR spectroscopy and methylation analysis revealed the 
presence of Structure NIB in a higher yield. Recently, Nilsson etal. I391 reported that ap- 
proximately half of the di-antennary carbohydrate chains of the ~-subunit terminate in 
GIcNAc/31-2Man and the other half in NeuAc~2-3Gal/31-4GIcNAc. These data are in con- 
trast with our results and the results reported earlier I301. 

Previously it has been reported that hCG contains a total of four identical carbohydrate 
chains linked tothe Ser residues 121,127,132 and 138, having the structure of compound 
03 I401. Recently, Cole etal.  I41] reported the occurrence of four different O-linked car- 
bohyd rate structures. The presence of the tri-, tetra- and hexasaccharide was confirmed 
by our studies, but we could not detect the minor disaccharide NeuAcc~2-6GalNAc-OL 
that was stated to account for approximately 10% of the total O-glycosidic material. The 
anomeric configuration of the N-acetylglucosamine residue in the hexasaccharide was 
not determined in [411. The NMR-data in this report demonstrate that the latter N- 
acetylglucosamine residue is in the/3-linkage. 

Di-antennary glycans have been proposed to occur in two rotameric forms in a ratio 1:1, 
in one of which the ~1-6 branch is folded back on the core, positioning Gal-6' in close 
proximity to GIcNAc-2 I25, 42 I. Indications for backfolding in di-antennary oligosac- 
charides with GlcNAc-2 in a terminal (reducing) position, are the anomerization effects 
apparent on the Gal-6' residue. In this paper it is shown that when the carbohydrate 
structu re is extended with GIcNAc4, anomerization effects on Gal-6' are no longer visi- 
ble, confirming that backfolding of the ~1-6 branch is not extended to the GIcNAc-1 
residue. 
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