
JOURNAL OF 
CHROMATOGRAPHY A 

ELSEVIER Journal of Chromatography A, 667 (1994) 75-83 

Improved fractionation of sialylated glycopeptides 
anion-exchange chromatography 

Jeffrey S. Rohrer* 
Dionex Corporation, 1228 Titan Way, Sunnyvale, CA 94086, USA 

by pellicular 

(First received September 7th, 1993; revised manuscript received December 24th, 1993) 

Abstract 
The glycoprotein bovine fetuin was treated with trypsin and the Asn-81 tryptic glycopeptide was purified (90% 

pure by Edman sequencing) by reversed-phase chromatography (RP-HPLC). The Am-81 glycopeptide, which 
eluted as a single peak by RP-HPLC, was separable into five peaks on the NucleoPac PA100 column, a pellicular 
anion-exchange column. Each of the five Asn-81 glycopeptide peaks was shown to contain N-linked oligo- 
saccharides by treatment of each peak with peptide N4-(N-acetyl-P-o-ghtcosaminyl) asparagine amidase F (PNGase 
F) and subsequent oligosaccharide analysis by high-pH anion-exchange chromatography with pulsed amperometric 
detection. High-pH anion-exchange chromatography-pulsed amperometric detection oligosaccharide analysis 
revealed that each peak contained a different population of sialylated N-linked oligosaccharides. Hence each peak 
contained a different group of glycopeptide glycoforms. It was observed that the longer the retention time of the 
Asn-81 glycopeptide peak on the anion-exchange column, the greater the oligosaccharide sialylation. TWO 
glywpeptide peaks which differed in their distribution of disialylated oligosaccharides demonstrated that the 
glywpeptide separation was a result of something more than gross differences in sialic acid content. The two other 
N-linked tryptic glycopeptides of fetuin were also separated into multiple peaks on the NucleoPac PA100 column 
and these separations were shown to be due to differences in oligosaccharide sialylation. The separations of the 
three fetuin N-linked glywpeptides demonstrate that pellicular anion-exchange chromatography offers improved 
separation speed and resolution for the separation of sialylated glywpeptides. 

1. Introduction 

Glycoproteins are microheterogenous with re- 
spect to their attached oligosaccharide struc- 
tures. This heterogeneity arises because glyco- 
proteins may differ in number of sites of oligo- 
saccharide attachment and in the degree of 
occupancy of each site. Additionally, each site 
may possess its own set of oligosaccharides. 

Glycoproteins having an identical polypeptide 
but differing in glycosylation site occupancy, 
oligosaccharide structure, or location of the 
oligosaccharide structures, are called glycoforms. 
Similarly, glycopeptides having an identical pep- 
tide but differing in oligosaccharide content, are 
glycopeptide glycoforms. IgG has 30 glycoforms 
which vary reproducibly with physiological state 
and were shown to be a marker of rheumatoid 
arthritis [l]. The population of glycoforms pres- 
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glycoprotein’s oligosaccharide structure can af- 
fect the protein’s specific activity, clearance rate 
and immunogenicity [3]. 

The separation of glycoprotein and glycopep- 
tide glycoforms is a challenging analytical prob- 
lem. Recently, capillary electrophoresis has 
shown promise in separating glycoprotein gly- 
coforms, but capillary electrophoresis techni- 
ques are limited because fractions can not be 
collected for further analysis [4-71. Concanavalin 
A-crossed affinoimmunoelectrophoresis has 
been used to separate human transferrin into 
three groups of glycoforms based on the oligo- 
saccharide branching at the protein’s two N- 
linked (i.e., asparagine-linked) glycosylation 
sites [8]. Rice et al. [9] showed that RP-HPLC at 
pH 7 could separate each of the three tryptic 
N-linked glycopeptides of bovine fetuin into 
groups of glycoforms based on the number of 
sialic acid residues on each glycopeptide. 

Pellicular anion-exchange resins have been 
successfully used to separate oligonucleotides 
[lo], protein isoforms due to deamidation [ll] 
and oligosaccharide linkage isomers [12]. This 
paper shows that the Asn-81 glycopeptide of 
bovine fetuin (amino acid residues 54284), which 
elutes as a single peak by RP-HPLC, can be 
separated into five peaks on a pellicular anion- 
exchange column. These peaks are glycopeptides 
which possess different populations of sialylated 
oligosaccharides. Hence each peak has a differ- 
ent population of sialylated glycopeptide glyco- 
forms. Additionally, this manuscript shows that 
the two other N-linked tryptic glycopeptides of 
fetuin can be separated into multiple peaks on 
the pellicular anion-exchange column. 

2. Experimental 

2.1. Materials 

Bovine fetuin was obtained from Gibco 
(Grand Island, NY, USA; lot No. 14P7696). 
Acetonitrile and 50% NaOH were obtained from 
Fisher Scientific (Pittsburgh, PA, USA). Tri- 
fluoroacetic acid (TFA) was obtained from J.T. 
Baker (Phillipsburg, NJ, USA). Polypropylene 
tubes (1.5 ml) for fraction collection were pur- 

chased from Sarstedt (Catalogue No. 72-692; 
Princeton, NJ, USA). Glycerol-free peptide N4- 
(N-acetyl-/3-o-glucosaminyl)asparagine amidase 
F (PNGase F) and Arthrobacter ureufuciens 
neuraminidase were purchased from Boehringer 
Mannheim (Indianapolis, IN, USA). The water 
for all eluents and sample preparations was 
deionized water which was glass-distilled by a 
Corning Mega-Pure system. The distilled water 
was collected directly into a glass container. 

2.2. Purification of the fetuin glycopeptides 

Fetuin was reduced, alkylated, and treated 
with trypsin as previously described [13]. About 
600 pg of a fetuin tryptic digest were separated 
on a DuPont Zorbax C,, RP-300 column (15 x 

0.93 cm, Dionex) and fractions were collected 
[FOXY II fraction collector (ISCO)] into 100 x 

13 mm polypropylene tubes (Fisher, Catalogue 
No.14-956-7A). This and all other separations 
were on a GlycoStation (Dionex) equipped with 
a variable-wavelength detector (VDM-2). The 
first five minutes of the separation were isocratic 
at 5% eluent B [O.l% TFA in acetonitrile-water 
(90:10)] and 95% eluent A (0.1% aqueous 
TFA). This was followed by a linear gradient of 
5 to 52% of B in the tinal 55 min. The flow-rate 
was 4.0 ml/mm. Fractions were collected with 
the slope sensitivity set to “normal”. The maxi- 
mum fraction size was set to 4.0 ml. Fractions 
were immediately dried in a SpeedVac (Savant, 
Model SVClOO). Two preparations of each 
glycopeptide, which were previously identified 
[13], were combined, dried and redissolved in 
water (600 ~1). To assess the purity of each 
glycopeptide, an aliquot (2 ~1) was rechromato- 
graphed on an analytical (15 x 0.46 cm) re- 
versed-phase column (Zorbax C,, RP-300) with 
the same gradient used for the purification. The 
flow-rate was 1.0 ml/min. 

The experimental strategy for analyzing the 
purified fetuin Asn-81 glycopeptide is shown in 
Fig. 1. 

2.3. Peptide sequence analysis 

The amino terminal sequence was determined 
for the fetuin Asn-81 glycopeptide to assess its 
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Fig. 1. Experimental scheme for the analysis of the fetuin Asn-81 glycopeptide after RP-HPLC purification. The right side of the 
diagram outlines the analysis of individual fractions from the anion-exchange separation (AE-HPLC) of the glycqeptide. 

purity. A Porton Instruments (Tarzana, CA, 
USA) PI209OE integrated microsequencing sys- 
tem was used for the analysis. About 400 pmol 
(10 ~1) of the glycopeptide was sequenced after 
deposition on a glass fiber “peptide support” 
(Porton). There was greater than 83% repetitive 
yield. 

2.4. Anion-exchange separation of the fetuin 
glycopeptides 

Each fetuin glycopeptide preparation and the 
neuraminidase and PNGase F digestions of these 
preparations were separated on a NucleoPac 
PA100 column (25 x 0.4 cm, Dionex). Tris-HCl 
(15 mM) pH 8.0 was installed as eluent A and 
0.5 M NaCl, 15 mM Tris-HCl pH 8.0 was 
installed as eluent B. Both eluents were filtered 
through a 0.22-pm filter. The glycopeptide was 
separated with a gradient of 25 to 250 mM NaCl 
(5 to 50% B) in 30 min. The column was then 
returned to starting conditions over 2 min and 
held at starting conditions for 15 min prior to the 
next injection. The flow-rate was 1.0 ml/min and 
the absorbance was monitored at 215 nm. Frac- 
tions were prepared from a separation of 140 ~1 
of the Asn-81 glycopeptide with a fraction collec- 
tor slope sensitivity setting of “high” and the 
maximum fraction size set to 1 ml. The fractions 
were dried in the SpeedVac, redissolved in water 

(125 pl), and dialyzed against water using a 
microdialyzer (Pierce, System 100) with M, 1000 
cut-off dialysis tubing (Spectra, Los Angeles, 
CA, USA). After microdialysis, the fractions 
were dried. 

2.5. Enzyme digestions 

An aliquot (20 ~1) of each fetuin glycopeptide 
was dried, and then dissolved in 100 ~1 of 50 mM 
sodium phosphate buffer pH 7.6 containing 10 
mM EDTA and 0.5 units of PNGase F. EDTA 
was omitted from the buffer in the analyses of 
the Asn-138 and Asn-158 glycopeptides to make 
the chromatograms easier to interpret. These 
PNGase F digests were mixed and allowed to 
incubate for 18 h in a 37°C water bath. Fractions 
from the anion-exchange separation of the fetuin 
Asn-81 glycopeptide were redissolved in water 
(50 ~1) and each added to a 1.5-ml poly- 
propylene tube containing 50 ~1 of 50 mM 
sodium phosphate + 10 mM EDTA pH 7.6 and 
0.5 units of PNGase F. To create a larger sample 
volume to work with, all PNGase F digests were 
diluted with 100 ~1 of water. An aliquot (40 ~1) 
of each PNGase F digestion was analyzed by 
RP-HPLC (the same method described in sec- 
tion 2.2) to determine if the digestion was 
complete [ 141. 

An aliquot (20 ~1) of each fetuin glycopeptide 



78 J.S. Rohrer I J. Chromatogr. A 667 (1994) 75-83 

and an aliquot (50 ~1) of each PNGase F digest 
of fractions from the anion-exchange separation 
of the fetuin Asn-81 glycopeptide were treated 
with 10 ~1 of a 1 mU/pl solution of Arthrobacter 
ureuficiens neuraminidase (in 0.1 M sodium 
acetate pH 5.0) and then brought to a total 
volume of 200 ~1 with 0.1 M sodium acetate pH 
5.0. All samples were mixed and incubated at 
37°C for 24 h. 

2.6. Oligosaccharide analysis 

PNGase F and neuraminidase digests were 
analyzed for oligosaccharides with a CarboPac 
PA100 column (25 x 0.4 cm, Dionex) and its 
guard column (5 x 0.4 cm). NaOH (100 mM) 
and 100 mM NaOH + 1.0 M sodium acetate 
were installed as eluents C and D, respectively. 
The NaOH eluents were prepared from appro- 
priate dilutions of 50% NaOH. The sodium 
acetate eluent was filtered through a 0.22-pm 
filter. Oligosaccharides were separated with 100 
mM NaOH and 20 mM sodium acetate (2% D) 
for 5 min followed by 100 mM NaOH and a 
gradient of 20 to 200 mM sodium acetate (2 to 
20% D) over the next 65 min. The eluent was 
returned to starting conditions over the next 2 
min and kept there for 15 min prior to the next 
injection. The flow-rate was 1.0 ml/min and the 
detector sensitivity was 100 nA. 

3. Results 

Fig. 2A shows the RP-HPLC separation of 7.5 
pg of a bovine fetuin tryptic digest. The peak 
with a retention time of 41.9 min was previously 
identified as one of the three fetuin N-linked 
glycopeptides [13]. This glycopeptide has 31 
amino acid residues (residues 54-84) and the 
carbohydrate is attached to Asn-81. Rechroma- 
tography of the purified fetuin Asn-81 glycopep- 
tide (2 ~1) is shown in Fig. 2B. Fig. 2C shows 
the RP-HPLC separation of the Asn-81 gly- 
copeptide PNGase F digestion. PNGase F 
treatment removes the glycopeptide’s oligosac- 
charide. The deglycosylated peptide elutes 2.1 
min later than the native peptide, which suggests 
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Fig. 2. RP-HPLC separations of bovine fetuin tryptic pep- 
tides (A), the purified fetuin Asn-81 glycopeptide (B), and 
the purified fetuin Asn-81 glycopeptide digested with 
PNGase F (C). The gradient is displayed with the dashed line 
in panel A. The separation conditions are described in 
section 2.2. 

that the PNGase F digestion is complete [14]. 
RP-HPLC of glycopeptide PNGase F digestions 
is used in this manuscript to assess the extent of 
deglycosylation. 

Fig. 3A shows the anion-exchange separation 
of the fetuin Asn-81 glycopeptide preparation. 
This preparation, which is one peak when sepa- 
rated by RP-HPLC (Fig. 2B), is separated into 

A I 1 

Fig. 3. Anion-exchange separations of the fetuin Asn-81 
glycopeptide (A), the PNGase F digestion of the fetuin 
Asn-81 glycopeptide (B), and the neuraminidase digestion of 
the fetuin Asn-81 glycopeptide (C). The gradient is displayed 
with the dashed line in panel C. Each chromatogram repre- 
sents 4 ~1 of the glycopeptide. The separation conditions are 
described in section 2.4. 
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seven peaks. Fig. 3B shows the anion-exchange 
separation of a PNGase F digest of the fetuin 
Asn-81 glycopeptide. The PNGase F treatment 
reduces the number of peaks. The peaks in the 
first 5 min of the chromatogram are also found in 
the blank (no substrate) digest (chromatogram 
not shown). The peak with a retention time of 
10.5 min is EDTA, a component of the digestion 
buffer. The peak at 19 min is believed to be the 
deglycosylated fetuin Asn-81 glycopeptide. When 
this peak was collected and then separated by 
RP-HPLC, it coeluted with the deglycosylated 
fetuin Asn-81 glycopeptide (chromatogram not 
shown). The identity of the peak with a retention 
time of 23.5 min is unknown. Fig. 3C shows the 
anion-exchange separation of a neuraminidase 
digestion of the fetuin Asn-81 glycopeptide. This 
treatment also reduces the number of peaks. The 
peaks in the first 5 min of the chromatogram are 
also found in the blank digest (chromatogram 
not shown). The peak with a retention time of 
12.5 min is believed to be the desialylated fetuin 
Asn-81 glycopeptide. When this peak was col- 
lected and then separated by RP-HPLC, it 
coeluted with the desialylated fetuin Asn-81 
glycopeptide (chromatogram not shown). The 
identity of the peak at 16.5 min is unknown. 
When the Asn-81 glycopeptide preparation is 
incubated in either the PNGase F or the neur- 
aminidase digest buffer and separated by anion- 
exchange chromatography, there is no change in 
the retention times of any peaks or the evolution 
of any new peaks (chromatograms not shown). 

Fig. 4 shows the anion-exchange separation of 
140 ~1 of the fetuin Asn-81 glycopeptide prepa- 
ration. Seven peaks, numbered l-7, were col- 
lected for further analysis. Each of the seven 
peaks was analyzed by RP-HPLC and only peaks 
1 and 7 did not coelute with the Asn-81 
glycopeptide peak. Using initial yields from 
Edman sequencing, the yield and purity of the 
fetuin Asn-81 glycopeptide was estimated to be 
24 nmol and 90.8%, respectively. Edman se- 
quencing of about 400 pmol (10 ~1) of the 
glycopeptide preparation revealed that there 
were three peptide impurities. The amino-termi- 
nal sequences of the three contaminating pep- 
tides could be found in the amino acid sequence 

Fig. 4. Preparation of fractions from the anion-exchange 
separation of the fetuin Asn-81 glycopeptide. Peak numbers 
correspond to fractions digested with PNGase F. The dashed 
line shows the NaCl gradient. This is a separation of 140 ~1 
of the glycopeptide. The separation conditions are described 
in section 2.4. 

of bovine fetuin [15] and match the amino-termi- 
nal sequences of the following three fetuin tryp- 
tic peptides, residues 228-288, residues 103-113 
and residues 295-315, which will be designated 
peptides A, B and C, respectively. Peptides A, B 
and C, which had been previously purified by 
RP-HPLC and sequenced [16], were analyzed on 
the anion-exchange column. Peptide A, which 
contains fetuin’s three O-linked (i.e., Ser/Thr- 
linked) glycosylation sites, coeluted with peak 1 
and had the same doublet shape. Peptide A also 
had a small peak that coeluted with peak 3. 
Peptide B coeluted with peak 5 and peptide C 
coeluted with peak 1. 

Fig. 5 shows the respective oligosaccharide 
profiles when the RP-HPLC purified fetuin Asn- 
81 glycopeptide (panel A) and individual frac- 
tions of the anion-exchange separation of the 
fetuin Asn-81 glycopeptide (panels B-E) are 
treated with PNGase F. The oligosaccharide 
profile in panel A shows a direct injection of 40 
~1 of the fetuin Asn-81 glycopeptide PNGase F 
digest. The peaks labeled 1 and 2 in Fig. 5A are 
trisialylated triantennary oligosaccharides and 
peaks 3 and 4 are tetrasialylated triantennary 
oligosaccharides. Townsend et al. [12] identified 
these structures in the high-pH anion-exchange 
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Time (min) 

Fig. 5. High-pH AEC-PAD oligosaccharide maps of the PNGase F digestions of the fetuin Am-81 glycopeptide and Its 
anion-exchange fractions. (A) PNGase F digestion of the fetuin Asn-81 glycopeptide, (B-E) PNGase F digestions of fractions 2, 
3, 4 and 6, respectively, (F) enzyme blank. The gradient is displayed with the dashed line in panel D. The injection volume for 
panel A was 20 ~1 and the injection volumes for panels B-F were 50 ~1. The approximate retention times of mono-, di-, tri- and 
tetrasialylated oligosaccharides are indicated bv Sl. S2. S3 and S4, respectively. The separation conditions are described in section 
2.6. ‘Ihd peak nu&ers are discussed in the text. 

chromatography (AEC)-pulsed amperometric 
detection (PAD) chromatogram of fetuin N- 
linked oligosaccharides. The peaks at 20-24 min 
and 35-40 min are at the retention times where 
mono- and disialylated oligosaccharide standards 
elute, respectively. Panels B and C show the 
oligosaccharide profiles of peaks 2 and 3 (col- 
lected fractions, Fig. 4). Both peaks possess 
mainly disialylated oligosaccharides with some 
monosialylated oligosaccharides. The distribu- 
tion of mono- and disialylated oligosaccharides 
differs between peaks 2 and 3. The oligosac- 
charide profile of peak 4, the main peak in the 
anion-exchange separation of the fetuin Asn-81 
glycopeptide, is shown in panel D. Panel D 
shows that peak 4 contains di- and trisialylated 
oligosaccharides. Many of the peaks between 50 
and 62 min have been shown to be other tri- 
sialylated triantennary oligosaccharides [ 121. 
Peak 4 does not have any monosialylated oligo- 
saccharides or either of the two known tetra- 
sialylated oligosaccharides of fetuin. Panel E 

shows the oligosaccharide profile of peak 6. This 
peak contains the two tetrasialylated oligosac- 
charides of fetuin as well as a small amount of 
two trisialylated oligosaccharides. Panel F shows 
the blank (no substrate) digestion. No oligo- 
saccharides were observed in the PNGase F 
digests of peaks 1 and 7 and a small amount of 
trisialylated oligosaccharides was observed in the 
PNGase F digest of peak 5 (chromatograms not 
shown). A RP-HPLC analysis of each PNGase F 
digest confirmed that all digestions were com- 
plete. Each PNGase F digest was treated with 
neuraminidase and analyzed by high-pH AEC- 
PAD oligosaccharide mapping (chromatograms 
not shown). This analysis confirmed the identifi- 
cation of sialylated oligosaccharides. The oligo- 
saccharide analysis confirms that five of the 
seven peaks (peaks 2-6) contain the fetuin Asn- 
81 glycopeptide and the other two peaks (peaks 
1 and 7) are impurities. 

To determine if the pellicular anion-exchange 
column could be used to fractionate other 
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sialylated glycopeptides, the two other glycopep- 
tides of fetuin (Asn-138 and Asn-158) were 
separated on the NucleoPac PA108 column. 
These glycopeptides were purified by BP-HPLC 
[13] and rechromatography suggested that both 
glycopeptides contained impurities (data not 
shown). It was previously shown that the Asn- 
138 glycopeptide elutes in two fractions by the 
BP-HPLC [13]. The earlier-eluting fraction was 
used for this study due to its greater purity 
(contains one peptide impurity [13]). Panels A 
and D of Fig. 6 show the high-performance (HP) 
AEC separations of the Asn-138 and Asn-158 
glycopeptides, respectively. These glycopeptides 
are fractionated into multiple peaks by HPAEC. 
Treatment of the glycopeptides with PNGase F 
reduces the number of HPAEC peaks (panels B 
and E). Injection of equal volumes of the en- 
zyme blank (no substrate, panels C and F) shows 
that many of the peaks in panels B and E are 
derived from the enzyme preparation and the 
digestion buffer. The peak with a retention time 
of 10.5 min coelutes with EDTA, a component 
of the enzyme preparation. Treatment of the 
Asn-138 and Asn-158 glycopeptides with neur- 
aminidase abolishes all binding to the column 
except for one small peak with a retention time 

Time (min) 

Fig. 6. Anion-exchange separations of the fetuin Asn-138 
glycopeptide (A), the PNGase F digest of the Asn-138 
glycopeptide (B), the PNGase F blank (C and F), the fetuin 
Asn-158 glycopeptide (D), and the PNGase F digest of the 
Asn-158 glycopeptide (E). The dashed line in panel F shows 
the NaCl gradient. The injection volumes for panels A-F are 
4, 40, 40, 10, 100 and 100 ~1, respectively. The separation 
conditions are described in section 2.4. 

of 7 min in the Asn-158 glycopeptide sample 
(chromatograms not shown). The HPAEC analy- 
sis of the Asn-138 and Asn-158 glycopeptides 
shows that the NucleoPac PA100 column can 
fractionate other sialylated glycopeptides and the 
separation is due to oligosaccharide sialylation. 

4. Dlscusslon 

The N-linked carbohydrate of bovine fetuin, a 
glycoprotein isolated from fetal calf serum, is 
microheterogeneous. Most of this microhetero- 
geneity resides in the amount of N-ace- 
tylneuraminic acid, its location, and its linkage 
to galactose [17]. Additionally, fetuin’s three 
N-linked glycosylation sites differ in their 
sialylated oligosaccharide content [ 131. In this 
paper, the fetuin Asn-81 tryptic glycopeptide was 
purified to a single peak by BP-HPLC and then 
fractionated by pellicular AEC (NucleoPac 
PA100 column). The pellicular anion-exchange 
separation yielded seven peaks, five of which 
were identified as the Asn-81 glycopeptide. 
Using high-pH AEC-PAD in combination with 
enzyme treatments, the Asn-81 glycopeptide 
peaks were shown to differ in their sialylated 
oligosaccharide content. In the order of their 
elution, the first two peaks (peaks 2 and 3) have 
mainly mono- and disialylated oligosaccharides, 
the third and fourth peaks (peaks 4 and 5) have 
mainly trisialylated oligosaccharides, and the 
fifth peak (peak 6) has mainly tetrasialylated 
oligosaccharides. Thus, as the sialylation of the 
Asn-81 glycopeptide increases, its retention time 
on the NucleoPac PA100 column increases. Ad- 
ditionally, this manuscript shows that the Nu- 
cleoPac PA100 column can fractionate two other 
sialylated glycopeptides of fetuin due to their 
attached oligosaccharide. 

The relationship between the Asn-81 gly- 
copeptide’s sialylation and its retention on the 
NucleoPac PA100 column suggests that oligo- 
saccharide sialylation is controlling the separa- 
tion of this glycopeptide on the NucleoPac 
PA100 column. For peptides larger than 20 
amino acids, secondary and tertiary structure 
develops as chain length increases [18]. This 
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three-dimensional structure makes it difficult to 
predict the peptide’s RP-HPLC retention time 
from the peptide’s amino acid composition [19]. 
It has been hypothesized that when large pep- 
tides (greater than 20 amino acids) and proteins 
are separated on reversed-phase or ion-exchange 
resins, only part of the molecule interacts with 
the resin [18]. This part of the molecule has been 
defined as the chromatographic contact area. 
The fetuin tryptic N-linked glycopeptides are 31 
(Asn-81), 15 (Asn-138) and 28 (Asn-158) amino 
acids in length. Both neuraminidase and PNGase 
F treatments support the conclusion that the 
oligosaccharide of each glycopeptide is at least a 
portion of the glycopeptide’s chromatographic 
contact area on the NuceloPac PA100 column. 
Neuraminidase treatment collapsed the five Asn- 
81 glycopeptide peaks into one peak with a 
shorter retention time. Treatment of the Asn-81 
glycopeptide with PNGase F collapses the five 
glycopeptide peaks into one peak with a longer 
retention time than the largest of the five peaks. 
Unlike neuraminidase which only removes sialic 
acids, leaving the remainder of the oligosac- 
charide intact, PNGase F removes the whole 
N-linked oligosaccharide. The results of the 
PNGase F digestion suggest that the removal of 
the Asn-81 glycopeptide’s carbohydrate exposes 
at least some of the glycopeptide’s six acidic 
amino acids. This exposure increases the pep- 
tide’s retention on the NucleoPac PA100 column. 

Using RP-HPLC at pH 7, Rice et al. [9] have 
shown that individual fetuin glycopeptides can be 
separated into groups of glycoforms based on 
their degree of sialylation. Unlike the separation 
of the Asn-81 glycopeptide reported here, these 
glycoforms elute in the order of greatest to least 
number of sialic acid residues with a single peak 
for each charge group. When tryptic digests of 
glycoproteins are separated by RP-HPLC at pH 
2, it has been observed that glycopeptide peaks 
are broad [20]. Examination of glycopeptide 
peaks with on-line mass spectrometry has shown 
that the heaviest glycoforms elute at the front of 
the glycopeptide peak [21,22]. The results of 
Rice et al. [9] at neutral pH are consistent with a 
heaviest to lightest glycoform elution order. 

In conclusion, pellicular AEC can be used to 

fractionate sialylated glycopeptides. This frac- 
tionation is not only based on the number of 
sialic acids, but on the structure of the attached 
sialylated oligosaccharides. This is exhibited by 
peaks 2 and 3 in Fig. 4 which have different 
populations of disialylated oligosaccharides. The 
fractionated sialylated glycopeptides can be 
purified for further study. As noted by Rice et al. 

[9], glycopeptide glycoforms can be used as 
substrates for glycopeptidase studies and to study 
the influence of peptide sequence on oligosac- 
charide conformation. 
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