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Abstract

Analytical ion-exchange chromatography resulted in significantly elevated human serum acid
alpha-1-glycoprotein (AGP) levels in cancer patients (153–194 mgdL)1) and in acute inflam-
mation (161 mgdL)1) compared to healthy individuals (58.5 ± 17.4 mgdL)1) and non-
tumorous diseases (61.6 ± 5.0 mgdL)1). A novel method of sample preparation and dye-
ligand affinity chromatography was worked out and applied to the fast and biocompatible
isolation and purification of AGP. Solvent extraction and precipitation provided nearly 100%
recovery of serum AGP, while affinity chromatography using a new generation of dye-ligand
phase (Toyopearl AF-Blue) resulted in AGP with a total yield over 85%. Tryptic fragments of
AGP were separated by reversed phase liquid chromatography (RP-HPLC) and identified either
with on-line ESI-MS, or off-line with PNGase F digestion and NH2-phase HPLC. Off-line
analysis provided further data on the distribution of antennary oligosaccharide structures.
Predominance of bi- and triantennary chains was shown in human serum AGP (38 and 30%,
respectively), while significant elevation in the relative proportion of tetraantennary compounds
(9.6 vs 15.0%) and a 2-3 fold increase in the total amount of fucose containing structures were
observed in cancer patients compared to the healthy controls.
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Introduction

Recent reviews on the bioanalytical

application of high performance sepa-

ration techniques indicate clearly that

purity and integrity of biologically ac-

tive natural analytes are the most

important prerequisites in the structural

and functional studies [1, 2]. Appar-

ently, a significant development and

demand of increasing the specificity and

biocompatibility of sample preparation

and separation methods can be ob-

served [3, 11]. Among the numerous

biopolymers investigated carbohydrate-

rich complex proteins (cell membrane

compartments, antigens, interferons,

erythropoietin, etc) attend increasing

interest either in bioanalytical, or path-

ophysiological aspects [4–12]. The

sialoglycoprotein character of circulat-

ing glycoconjugates including a great

majority of conventional serological tu-

mor markers and acute phase serum

protein fractions (AGP, alpha-1-anti-

trypsin, haptoglobin, ceruloplasmin, C-

reactive protein, immunoglobulins, etc.)

has been recognized [7, 10–18]. From

theoretical and practical points of view

the most heavily glycosylated serum

acid alpha-1-glycoprotein (AGP, oroso-

mucoid) proved to be particularly

interesting in the laboratory diagnosis

of malignant diseases and in structural

investigations as well [5, 17, 19–26].

AGP is an acidic (pI @ 2-3) acute-phase

protein fraction of human serum with

exceptionally high (�45% w/w) carbo-

hydrate content and molecular mass of

36–38 kDa [19]. Physico-chemical char-

acteristics, biological functions and

pathophysiological role of human serum

AGP are recently reviewed [20, 21].

Among various pathological conditions

significantly increased serum AGP levels

can be measured in cancer compared to

healthy individuals [20, 27–29]. Sample

preparation, gel-, ion-exchange and

affinity chromatographic methods were

widely applied to the separation and

purification of AGP [20, 25, 30–33].

However, the time-consuming multi-step

procedures and low-degree of biocom-

patibility make dubious in some cases
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the purity and structural integrity of

AGP produced. To overcome these

disadvantages in the present work a

simple, fast and extremely mild sample

preparation and affinity chromato-

graphic purification using a new gener-

ation of dye-ligand stationary phase

were worked out and applied.

It has been shown that the carbo-

hydrate content of glycoconjugates can

be formulated by antennary oligosac-

charide structures consisting of neutral

sugars, hexosamines (N-acetyl glucose

and galactose amines) and N-acetyl

neuraminic (sialic) acids [5, 9, 19–25].

Recent observations suggest that

molecular informations (sugar code)

concerning to various physiological and/

or pathological events (pregnancy,

rheumatic arthritis, cancer, etc.) can be

detected in the exceptionally variable

composition and structure of glycan

chains [5–7, 10, 21]. The carbohydrate

content of AGP consisting of five gly-

can units is formulated mostly by bi-,

tri- and tetraantennary oligosaccharide

structures with sialic acid at the end of

chains and fucose attached to N-acetyl

glucosamines [5, 17, 21, 26]. Liquid

chromatographic (RP-HPLC), gel and/

or capillary electrophoretic and mass

spectrometric (MALDI, ESI) techniques

including enzymatic (tryptic, PNGase F)

digestion are purposefully used in the

structural investigation of AGP [11, 12,

34]. HPLC-coupled ESI-MS was

favourably applied to oligosaccharides

derived from AGP [35]. It has been

suggested that malignant diseases may

induce detectable changes in the carbo-

hydrate structure of AGP [5–7, 26, 41,

42]. Our preliminary observations indi-

cated that AGP derived from cancer

patients contained significantly higher

fucose and sialic acid content in com-

parison to healthy controls [36].

Considering the significance of

structural changes in human serum

AGP the present study was aimed to

develop a new combination of sample

preparation and liquid chromatographic

methods for the isolation and purifica-

tion of the biopolymer and its carbo-

hydrate compartments. Furthermore,

RP-HPLC and MS techniques were

developed and applied to identify and

characterize the glycopeptide tryptic

fragments of AGP, as well as to

reveal the changes in their antennary

oligosaccharide structures induced by

cancer.

Experimental

Materials

Solvents of HPLC purity (CHCl3, meth-

anol, ethanol, CH3CN, H2O, Suprapur,

LiChrosolv, gradient grade), reagents

(NaCl, Na2HPO4, NH4HCO3, 2-amino-

benzoic (anthranilic) acid) were pur-

chased from Merck (Darmstadt,

Germany) and Toyopearl AF-Blue HC-

650M from TOSOH Biosciences (Stutt-

gart, Germany). Desalting was made on

Sephadex G-25 (superfine, Pharmacia,

Uppsala, Sweden). Trypsin (TPCK-trea-

ted), dithiothreitol, and 4-vinylpyridine

from Sigma, and trifluoroacetic acid from

Aldrich Chemical Co., were obtained.

PNGase F (recombinant, glycerol free)

was from Roche Diagnostics GmbH

(Mannheim).

Serum Sampling

Venous blood was taken without antico-

agulants from volunteer healthy individ-

uals (normal controls) as well as from

hospitalized patients fasting overnight.

After spontaneous clotting at room tem-

perature serum samples were isolated by

centrifugation (5000 rpm, 10 min, 0–

4 �C) and kept at )20 �C until use. The

clinical status of patients, the type and

stadium of malignancy in cancer was

characterized and verified by conven-

tional laboratory markers, imaging tech-

niques and pathology. Ovarium

carcinoma patients with high (over

200 mg dL)1) serum AGP level were se-

lected for structural investigations.

Sample Preparation and
Determination of Serum AGP

Sample preparation, either in analytical,

or preparative scale was performed by

non-miscible phase solvent extraction as

follows. One mol of human serum was

diluted with 3.5 mol of ice-cold water and

extracted with 15 mol of chloroform-

methanol mixture (2:1 m/m) by vigorous

shaking at 0 �C for 45 min. Solvent

phases were separated by centrifugation

(1000 g, 0–4 �C, 20 min) and the metha-

nol-water extract (upper phase) was col-

lected. The protein content of the extract

was precipitated with two volumes of ice-

cold ethanol, kept for 30 min at 0–4 �C

then centrifuged (1000 g, 0–4 �C,
20 min). The precipitate was dissolved in

10 mM phosphate buffer A (pH: 5.8).

AGP concentrations of sera and in each

step of purification were measured

according to our microanalytical ion-ex-

change chromatographic method [29].

Dye-ligand (Cibacron Blue)
Affinity Chromatography
of AGP

Cibacron Blue F3GA dye-ligand affinity

chromatography was performed on a

Toyopearl AF-Blue HC-650M column

(5 · 1 cm I.D. 40–90 lm, TOSOH Bio-

sciences) equilibrated with 10 mM

phosphate buffer A (pH 5.8) at a flow

rate of 2 mL min)1. One ml of sample

(ethanol precipitate solved in 10 mM

phosphate buffer A) containing 20 mg of

proteins (approx. 10 mg AGP) was ap-

plied and eluted with 10 mL phosphate

buffer A then changed immediately to

10 mM phosphate buffer B (pH: 6.8)

containing 2M NaCl. UV-detectable

fractions (see Fig. 2) were collected, de-

salted on a Sephadex G-25 column

(15 · 1.6 cm I.D., superfine, Pharmacia,

Uppsala, Sweden) and liophylized. Pro-

tein content of fractions were measured

by ion-exchange chromatography and

investigated by SDS-polyacrylamide gel

electrophoresis [37] and mass spectrom-

etry carried out in linear mode using a

Bruker BiflexTM MALDI-TOF mass

spectrometer with a 337 nm nitrogen

laser. Accelerating voltage was 19.5 kV.

Chromatography was operated using an

FPLC LCC-500 system (Pharmacia-

LKB, Uppsala, Sweden) consisting of

two P-500 pumps, UV-1 detector at

278 nm and equipped with a HP 3392A

Integrator.

Treatment of AGP with Trypsin

Glycopeptide fragments of purified AGP

were obtained by digestion with trypsin

according to Dage et al. [17]. In the

sample preparation 5 mg AGP was

denatured in 1 mL 100 mM tris-HCl

buffer (pH:8.3) containing 6 M Gu.HCl

at 50 �C for 30 min, reduced with 0.2 mg

dithiothreitol at 37 �C for 3 h and alkyl-

ated with 75 lL 4-vinylpyridine at 37 �C
for 30 min. Finally, 3 mL distilled water

was added to the mixture and centrifuged

(10000 rpm, 30 min). Supernatant was

S214 Chromatographia Supplement Vol. 60, 2004 Short Communication



collected and desalted on Sephadex G-25.

Fraction eluted with the void volume was

freeze-dried. Alkylated AGP was dis-

solved in 0.5 mL 200 mM NH4HCO3

(pH:8.5) and digested with 200 lg
TPCK-treated trypsin (Sigma) at 37 �C
for 24 h. Prior to RP-HPLC tryptic di-

gest was ultrafiltrated on Microcon cen-

trifugal filter (Amicon, cut-off 10 kDa)

and purified on Isolut C18 SPE cartridges

(IST) conditioned with 0.1% TFA then

eluted with 70% (v/v) acetonitrile - 0.1%

TFA. Eluate was dried under nitrogen

stream.

Reversed Phase Liquid
Chromatography (RP-HPLC)
of Tryptic Fragments

RP-HPLC separation of tryptic frag-

ments was performed on a VYDAC Se-

lectapore 300P wide-pore C18 column

(25 · 0.46 cm I.D., 5 l) equilibrated with

15% (m/m) acetonitrile-0.1% TFA for

10 min, then eluted using a linear gradient

to 50% (m/m) acetonitrile-0.1% TFA in

80 min. Chromatography was carried out

with an ISCO Model 2350 pump, 2360

Gradient Programmer and V4 Absor-

bance detector (Lincoln, Nebraska,

USA). Flow rate was 0.5 mL min
)1
and

detection at 215 nm. Data were handled

with a JASCO-BORWIN (Tokyo, Japan)

Ver 1.50 chromatography softwer pro-

gram. Fractions were collected in time

periods marked in Fig. 4 and freeze-dried.

PNGase F Treatment of Tryptic
Fragments

To obtain antennary oligosaccharide

structures bound to glycopeptides tryptic

fragments collected from VYDAC Se-

lectapore 300P wide-pore C18 column

were digested with PNGase F (Endogly-

cosidase F, Boehringer) according to El-

liott et al. [25] in 50 mM ammonium

hydrocarbonate buffer (pH: 7.5) at 37 �C
for 24 hours. Prior to derivatization di-

gests were freeze-dried.

NH2-HPLC Separation of
Antennary Oligosaccharides

Oligosaccharides obtained by PNGase F

treatment of tryptic fragments were

derivatized with anthranilic acid accord-

ing to Anumula et al. [38] and separated

on apHeraTM NH2 polyamine-bonded

polymer based column (250 · 4.6 mm

I.D., 5 lm, Astec) using a gradient elu-

tion program with solution A (2% acetic

acid - 1% tetrahydrofuran in water) and

solution B (5% acetic acid – 1% tetra-

hydrofuran – 3% triethylamine) accord-

ing to the time schedule: Equilibration

was with 30% B for 10 min then linear

increase to 95% B in 80 min, washing

with 100% B for 10 min. Separations

were carried out with flow rate

1 mL min)1 at 50 �C (thermostated).

HPLC was performed with a Merck-

Hitachi LiChroGraph system consisting

of an L-6200A Intelligent Pump, AS-

2000A Autosampler, JASCO FP-1520

fluorescence detector (kex: 360 nm, kem:
425 nm) and D-2500 Chromato-Integra-

tor with D-7000 Interface Module and D-

7000 HPLC System Manager.

On-line RP-HPLC–ESI Mass
Spectrometric Analysis of
Tryptic Fragments

Tryptic fragments derived from human

serum AGP were separated on a VY-

DAC Selectapore 300P wide-pore C18

narrow-bore column (25 · 0.21 cm I.D.,

5 l) using a Perkin-Elmer HPLC system

(Norwalk, USA) consisting of a Series

200 micro pump and autosampler, 785A

UV/VIS detector (276 nm) and analysed

on line with a Perkin-Elmer Sciex

Instruments (Thornhill, Canada) API

2000 triple quadrupol mass spectrome-

ter. Elution program was identical to the

RP-HPLC conditions excepted that flow

rate was 0.2 mL/min. Injection volume

was 20 lL. Absorbance at 276 nm was

monitored prior to ESI/MS. The

instrument was fitted with an ESI source

used in positive mode. ESI source tem-

perature and needle voltage were 200 �C

and 5 kV. Nitrogen was used as nebu-

lizer, dryer and curtain gase with 150,

350 and 200 kPa, respectively. Orifice

voltage was 150 V. Lens voltages of the

mass spectrometer were optimized to

give maximum signal to noise ratio.

Spectra were obtained over the range of

m/z 160-1800.

Results and Discussion

Measuring of AGP concentration in hu-

man serum under various pathophysio-

logical conditions has been reviewed [20].

However, only few comprehensive data

are available on the applicability of serum

AGP in the malignant diseases [27–29,

39–42]. Our results summarized in

Table 1 demonstrated that in average 2-3

times higher serum AGP levels could be

measured in cancer patients compared to

healthy individuals, but there were no

significant differences between the vari-

ous forms of malignancy. Temporary

elevated AGP concentrations could also

be measured in non-tumorous patients

with acute inflammation. On the other

hand, non-tumorous patients with vari-

ous diseases resulted in serum AGP val-

ues practically in the normal range. In a

more extensive trial (not presented here)

it has been demonstrated that changes in

serum AGP proved to be a useful tumor

marker in monitoring of the disease.

It has been suggested that malignant

diseases may induce molecular changes in

the glycan moiety of human serum AGP

[5–7, 42]. In order to investigate the oli-

gosaccharide structure of AGP our fur-

ther studies had been focused on selected

cancer patients with serum AGP over

200 mg dL)1. Fig. 1 shows the working

scheme of our investigations. To isolate

human serum AGP in 10–50 mg scale a

new combination of sample preparation

and dye-ligand affinity chromatographic

methods has been developed. Modifica-

Table 1. Human serum AGP levels in healthy controls and in various diseases

Subjects (n) Serum AGP mg dL)1

(mean ± SD)

Healthy individuals 35 58.5 ± 17.4
Acute inflammation* (st. post op.) 31 161 ± 59
Ovary and cervix carcinomas 58 194 ± 70
Lymphomas 30 153 ± 87
Gastrointestinal tumors 35 185 ± 48
Other (non-tumorous) patients 15 61.6 ± 5.0

* In 2-3 days after surgical treatment
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tion of our sample preparation reported

previously [24] provided basic advantages

over the other procedures. Instead of

long-term dialysis (dilution) and/or vari-

ous denaturing (strongly acidic) treat-

ment of serum, as well as of ion-exchange

purification used extensively [30–33]

extraction and forthcoming precipitation

of extracted proteins with ethanol elimi-

nated either the bulk of serum proteins

(mainly albumin), and/or solvents and

low molecular contaminants in two single

and entirely mild steps. In addition, a

concentrated sample solved in any kind

of buffer, or eluents could be prepared

and applied to affinity chromatography.

It has been demonstrated that AGP can

be isolated from serum by non-miscible

solvent extraction with a recovery over

95% [29]. However, considering the un-

avoided loss of water-methanol extract in

phase separation the total yield of AGP is

about 89%. The present investigations

showed that 2:1 vol ratio of abs. ethanol

to water-methanol extract resulted in

quantitative precipitation of its protein

content. Polyacrylamide gel electropho-

resis and ion-exchange chromatography

indicated that this sample contains pre-

dominantly AGP contaminated with

traces of other serum proteins. Fig. 2

demonstrates that the purification of a

sample prepared by the above method on

a Toyopearl AF Blue affinity column re-

sulted in two distinct fractions eluted ei-

ther with 10 mM phosphate buffer at

pH 5.8 (fractions 1), and with a step-wise

change to phosphate buffer at pH 6.8

containing 2M NaCl (fraction 2). Ana-

lytical ion exchange chromatography,

electrophoresis and MALDI-TOF MS

methods verified (not shown here) that

fraction 1 represented AGP, while other

contaminating serum proteins (mainly

albumin) appeared in fraction 2. The to-

tal yield of AGP including desalting on

Sephadex G-25 column (as a crucial

requirement of MS) was over 80%. In

spite of its simplicity the advantage of

this procedure can be characterized by

the use of a new generation of Cibacron

Blue-coupled, macroporous (1000 Å),

polymeric backbone structured matrix

with binding capacity of 15–20 mg pro-

tein mL)1 and significantly better hydro-

dynamic properties and chemical stability

than that of former dye-ligand affinity

phases. However, the capacity of the

column in respect to AGP unbound un-

der the conditions of elution is practically

indifferent, while important for the elim-

ination of contaminating proteins re-

tarded.

Investigating the glycopeptide struc-

ture tryptic fragments of AGP were

separated by wide-pore (VYDAC) RP-

HPLC and analysed by on-line LC -

ESI-MS. Fig. 3 shows the UV (A), total

ion (B) and selected ion (m/z 366)

chromatograms (C) of tryptic digests

derived from human serum AGP. In

general, peptide and glycopeptide frag-

ments of AGP, as well as autolytic

fragments of trypsin could be distin-

guished in mass spectra. Total ion

chromatogram was similar to the UV

spectrum (Fig. 3A-B), while oligosac-

charide content of glycopeptides were

detected by a special mass spectrometric

technique. Selected ion chromatograms

of m/z 204 (HexNAc) and/or 366 (Hex-

HexNAc) corresponding to the most in-

tense glycan related ions were developed

[12, 26]. These ions (in this particular

case m/z 366) provided a fragmentation

pattern specific only to glycopeptides to

Fig. 1. Working scheme for the isolation and structural investigation of human serum AGP

Fig. 2. Dye-ligand (Cibacron Blue) affinity
chromatography of human serum AGP.
20 mg of proteins (extracted in sample prepa-
ration and precipitated with ethanol) was
solved in 1 mL 10 mM phosphate buffer (pH:
5.8) and applied to a Toyopearl AF Blue HC-
650M column (5 · 1 cm, I.D.) equilibrated
with 10 mM phosphate buffer (pH: 5.8). Flow
rate: 2 mL min)1. UV detection: 278 nm
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identify them as they eluted by HPLC

(Fig. 3C).

The oligosaccharide content of glyco-

peptides derived from human serum AGP

was simultaneously identified and char-

acterized by NH2-phase HPLC. Fig. 4

shows the separation of antennary oli-

gosaccharide structures followed by

PNGase F enzyme digestion and deriva-

tization of tryptic fragments obtained off-

line from the RP-HPLC (Fig. 3A). Simi-

larly to the selected ion chromatogram

(Fig. 3C) patterns of Fig. 4 demonstrate

that characteristic antennary oligosac-

charide structures can be detected in the

distinct fractions of tryptic fragments

(mainly in the 40–45, 45–50 and 55–

60 min segments of RP-HPLC). Both

methods provided congruent results on

the retention and character of glycopep-

tides derived from AGP and made pos-

sible to localize them in the RP-HPLC

spectrum. In addition, NH2-HPLC sepa-

ration of anthranilate derivatives of oli-

gosaccharides gave more detailed

informations on the distribution of an-

tennary structures in human serum AGP.

According to the relative fluorescence

intensities at 426 nm it could be con-

cluded that the oligosaccharide content of

human serum AGP was predominantly

consisted of bi- and triantennary chains

in average 38 and 30%, respectively. At

the same time significant elevation in the

relative proportion of tetraantennary

compounds (9.6 vs 15.0%) and a 2-3 fold

increase in the total amount of fucose

containing structures were observed in

cancer patients compared to the healthy

controls. In accordance with our previous

observations [36] RP-HPLC and MS

analysis of tryptic fragments derived

from serum AGP indicated anomal

distribution of tri- and tetraantennary

oligosaccharide structures in cancer.

Further investigations are in progress to

characterize these molecular changes in

details.
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Fig. 4. NH2-HPLC separation of anthranilate
derivatives of antennary oligosaccharide struc-
tures derived from the tryptic fragments of
human serum AGP on an apHeraTM NH2

polyamine bonded polymer based column
(250 · 4.6 mm I.D., 5 lm, Astec) using a
gradient elution program (see Experimental).
Time periods correspond to the off-line col-
lected fractions of RP-HPLC in Fig. 3
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