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The study of protein glycosylation and its significance in biological interactions is a field of growing interest. This work demo
lectin-based separation of protein glycoforms of�1-acid glycoprotein (AGP or orosomucoid) with capillary electrophoresis. Glyco

nalysis was performed with a “partial filling technique” with the lectin Concanavalin A (Con A) as affinity ligand. Con A separated
GP into two peaks; the first peak included AGP glycoforms without biantennary glycans, and the second peak represented the f
ad one or more biantennary glycans. The applicability of the method was demonstrated with the analysis of AGP from clinical sa
GP treated withN-glycosidase F. The AGP separation was also used as a reporter system to estimate the dissociation constant (KD) between
on A and a competing sugar.
2004 Elsevier B.V. All rights reserved.
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. Introduction

In recent years, increasing evidence have emerged indi-
ating the great importance of carbohydrates in cell differen-
iation, signalling and immune response[1]. Glycosylation is
he most common post-translational modification in eukary-
tes and it has a great impact on the functional, biophysical
nd biochemical properties of the glycosylated product. Gly-
oproteins can exist in a high number of different glycoforms,
iffering in number of carbohydrate chains, branching, length
nd modifications such as sialic acid and fucose. This is also
eferred to as glycoprotein microheterogeneity. The relative
roportions of the different glycoforms of a specific protein
re normally constant in a healthy individual. Changes in

he glycosylation pattern can be seen in e.g. malignant and
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inflammatory diseases and have the potential to be used
agnostic and prognostic tools[2,3]. The physiological signif
icance of these findings is not yet fully understood and stu
of carbohydrate interactions in biological system are of
importance[4]. The analysis of glycoform heterogeneity
the production of recombinant glycoproteins is also of spe
interest to assure biocompatibility. To determine glycof
distribution it is desirable to analyse the intact glycopro
rather than the free carbohydrates. The large number of p
ble glycoforms of an individual protein makes this a diffic
task[5]. Capillary electrophoresis (CE) is a promising t
to study both intact glycoproteins, glycopeptides as we
released carbohydrate chains[6].

The heavily glycosylated acute phase protein�1-acid gly-
coprotein (AGP or orosomucoid) is a major constituent of
man plasma but its function is still obscure[7]. AGP has five
glycosylation sites withN-linked complex-type oligosacch
ride chains that can be of biantennary, triantennary as
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as tetraantennary type[8]. The high number of sialic acid
groups on AGP is the reason for its low isoelectric point (pI)
of 2.9–3.3[9]. Disease-associated changes in glycosylation
of AGP involve branching of the carbohydrate chains as well
as the amount of fucose and sialic acid[10]. An increase
in branching is typical in chronic inflammatory conditions
as rheumatoid arthritis (RA). The opposite, a decrease in
branching, is connected with acute inflammatory conditions.
Crossed affino-immunoelectrophoresis (CAIE) with lectins
such as Concanavalin A (Con A) has been extensively used
to study specific changes in AGP glycosylation[8]. In these
studies, it was found that approximately 58% of the AGP from
a healthy individual have at least one biantennary glycan.

Con A has several isoforms and a pI of 4.5–5.5. It exists
as a tetramer at neutral pH but disintegrates into a dimer
at pH below 5.6[11]. The monomeric molecular mass is
approximately 26 kDa. AGP glycoforms with only one
biantennary chain is known from affinity chromatography
studies to interact reversibly with Con A-Sepharose and to
elute under isocratic conditions while glycoforms with two
or more biantennary glycans are bound to Con A-Sepharose.
A competitor such as methyl�-d-mannopyranoside (�-Me-
Man) can be used to elute these glycoforms[12,13]. The
interaction between Con A-Sepharose and glycopeptides
bearing different biantennary variants has been studied in de-
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instance impossible to couple a mass detector to CE with this
approach. To overcome these problems the “partial filling
technique” was introduced[21]; with this technique the cap-
illary is only partly filled with the affinity ligand in BGE prior
to injecting the sample. The pH of the BGE is selected to have
the affinity ligand and the sample to move in opposite direc-
tions in a neutral coated capillary with a low electroosmotic
flow (EOF)[22,23]. The sample migrates through the affin-
ity ligand zone when voltage is applied, leaving the affinity
ligand behind, and reaches the detector window without any
affinity ligand that can disturb the detection. The partial filling
technique has been used mainly in enantiomer separations of
small drug molecules with proteins as chiral affinity ligands
(selectors). Affinity constants are possible to estimate from
the change in migration time when the absolute amounts of
the affinity ligand is varied[24]. The affinity separation can
also be used as a reporter system for the estimation ofKA
between the affinity ligand and other substances, competing
for the same binding site[25].

This work aims to demonstrate the use of the partial filling
technique in lectin ACE for the analysis of large molecules
as glycoproteins. We show that Con A ACE has the capacity
of separating glycoforms of the intact glycoprotein according
to carbohydrate composition. We also demonstrate the pos-
sibility to use the separation of AGP as a reporter to estimate
t gar
s e as
A

2

2

-
x pe
I
d uis,
M ed
f nal
r KO
( -10
d Con
A sala,
S O
P any).
C
w A).
F nd
A -
e )
a ely.
S
P ls
w rcial
s

ail [14]. Con A interacts with the trimannosyl core struct
an�1–6(Man�1–3)Man-, present in the branching po
f all N-linked carbohydrate chains. The affinity towards
nd tetraantennary chains is considerably lower and c
eglected in most cases. The affinity constant (KA) between
on A-Sepharose and the complete biantennary stru
-linked on a peptide is about 5× 106 M−1 [14]. TheKA
etween Con A and�-Me-Man has been estimated both
olution and in systems where either the carbohydra
on A has been immobilised. Titration microcalorime
nd fluorescence anisotropy measurements report valu
.6 × 103 and 5.5× 103 M−1 [15] and affinity capillary
lectrophoresis estimate theKA to 9.6 × 103 M−1 [16].
rontal affinity chromatography on a Sepharose-immobi
ystem reports a higher affinity of 2.2× 104 M−1 [17]. All
easurements above were performed at pH 7.0–7.9.
Affinity capillary electrophoresis (ACE) can be design

n a number of ways depending on the properties of the a
ty system and the problem under investigation. In the cl
al affinity capillary electrophoresis approach is the affi

igand added to the background electrolyte (BGE)[18] and
he sample is injected as a narrow zone. Components
ample that interact with the affinity ligand will exhibit
obility shift during the passage through the capillary fi
ith the affinity ligand, provided that the mobility of t
ffinity complex is different from the mobility of the sam
le. The experimental design is very similar to weak affi
hromatography[19,20]but the affinity ligand is not immo
ilised in ACE. A major drawback with classical ACE is

nterference from the affinity ligand with the detection of
ample when the affinity ligand is present in BGE. It is
f

he affinity constant between Con A and a inhibiting su
uch as�-Me-Man that compete for the same binding sit
GP.

. Experimental

.1. Materials

Polyvinylpyrrolidone K30 (PVP), 3-(trimetho
ysilyl)propyl methacrylate, human AGP, Con A (ty
V), methyl �-d-mannopyranoside (�-Me-Man) andN,N-
imethylformamide were purchased from Sigma (St. Lo
O, USA). RecombinantN-glycosidase F was obtain

rom Roche Diagnostics (Mannheim, Germany). Polyclo
abbit anti-AGP antibodies (A0011) were provided by DA
Glostrup, Denmark). Chromatography materials like PD
esalting columns, HiTrap NHS-activated column and
-Sepharose were from Amersham Biosciences (Upp
weden). Ultrafiltration devices (Vivaspin 6, 10K MWC
ES) were obtained from Vivascience (Hannover, Germ
apillaries (outer diameter: 375�m, inner diameter: 50�m)
ere from Polymicro Technologies (Phoenix, AZ, US
iltropur S 0.45�m syringe filters (25 mm diameter) a
crodisc LC 13 PVDF 0.2�m syringe filters (13 mm diam
ter) were purchased from Sarstedt (Nümbrecht, Germany
nd Gelman Sciences (Ann Arbor, MI, USA), respectiv
lide-A-Lyzer MINI Dialysis units 10 K MWCO were from
ierce Biotechnology (Rockford, IL, USA). All chemica
ere of analytical grade and acquired from comme
ources.
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2.2. Purification of AGP from clinical samples

AGP from blood donors and two clinical samples from
RA patients were purified with affinity chromatography.
An affinity column was prepared with 2.3 ml polyclonal
anti-AGP antibodies immobilised on a 5 ml HiTrap
NHS-activated column according to the manufacturer’s
recommendations. EDTA-plasma was diluted 10 times with
0.1 M NaCl, 0.1 M sodium phosphate pH 7.0 and applied on
the column. Unbound fraction was eluted with 0.1 M NaCl,
0.1 M sodium phosphate, pH 7.0 and AGP was eluted with
0.2 M glycine–HCl, pH 2.0. Fractions were immediately
adjusted to pH 6.0 with 0.2 M sodium phosphate, pooled and
concentrated with ultrafiltration. The concentrated pool was
desalted on PD-10 according to the manufacturer’s recom-
mendations. Purity of the eluted material was confirmed with
sodium dodecylsulfate-polyacrylamide gel electrophoresis
(SDS-PAGE).

2.3. Fractionation of AGP with Con A-Sepharose
chromatography

A column (1.6 cm× 5 cm) with 10 ml Con A-Sepharose
was prepared according to the manufacturer’s recommenda-
tions. The column was equilibrated with 50 mM sodium ac-
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ple filtration. New capillaries were equilibrated with BGE
for 30 min. The instrument temperature was maintained at
20◦C and it was operated under reversed polarity with de-
tection at the anode. Con A was dissolved in BGE, without
CaCl2 and MnCl2, and introduced into the capillary at low-
pressure mode (0.5 psi; 0.03 bar), i.e. “partial filling” the cap-
illary, prior to injection of the AGP sample. AGP (1–2 mg/ml)
was injected with low pressure for 10 s and constant volt-
age was set to−15 kV giving rise to a current of 40�A.
Between each separation the capillary was rinsed at high-
pressure mode (20 psi; 1.4 bar) with 1% Tween 20 in BGE
(5 min) and then equilibrated with BGE (5 min). The concen-
tration of Con A in BGE, after filtration, was calculated from
the absorbance at 280 nm, using the extinction coefficient
E1% (280 nm) = 11. The concentration of Con A was var-
ied between 4 and 12 mg/ml and the separation zone length
was varied between approximately 4 and 14 cm. The differ-
ent zone lengths were calculated from the effective capillary
length and the time that Con A needed to reach the detector
window when it was injected with low pressure. The filling
time was not affected by the concentration of Con A. The ef-
fect on the AGP separation from varying the separation zone
was evaluated by subtracting the migration time of the first
peak (AGP glycoforms without biantennary glycans) from
the second peak (AGP glycoforms with one or more bianten-
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tate, 1 mM CaCl2, 1 mM MnCl2, pH 5.0 and loaded wit
.5 ml (10 mg/ml) human AGP. By changing the elution c
itions AGP was separated into three separate pools ass
GP pool I, II and III, respectively. AGP pool I was elut
s a narrow peak with the column void by changing to h

onic strength buffer by adding 0.5 M sodium chloride to
quilibrating buffer. AGP pool II was eluted isocratically
broad peak in approximately 20 column volumes with

ame high ionic strength buffer. AGP pool III was eluted w
.1 M �-Me-Man added to the previous buffer. Finally, AG
ool I, II and III were concentrated and desalted with u
ltration.

.4. Con A capillary affinity electrophoresis; Con A ACE

The capillary electrophoretic system was a Beck
/ACE system 5510 (Beckman instruments, Palo Alto,
SA) equipped with an UV diode array detector and de

ion was performed at 204 nm. Instrument control and
ollection was done with P/ACE Station software (Be
an instruments). Capillaries were 27 cm (20 cm effec

ength) with an inner diameter of 50�m. Fused silica capi
aries were coated with 3-(trimethoxysilyl)propyl methac
ate in combination with polyvinylpyrrolidone K30 (PVP)
escribed elsewhere[26]. BGE in the capillary electrophor
is separation was 50 mM sodium acetate, pH 5.0 su
ented with 1% of CaCl2 and MnCl2, 100 mM each. Th

odium acetate buffer was prepared from MilliQ water, c
entrated acetic acid and 6.0 M sodium hydroxide. BGE w
egassed and passed through a 0.45�m syringe filter be

ore use, a small 0.2�m syringe filter was used for sam
ary chain) and this value (�t) was plotted versus the C
concentration or the separation zone length in the ex
ent.

.5. Con A ACE inhibition experiment;�-Me-Man
dded to Con A

The capillary was partially filled (120 s∼ 14 cm) with
on A (12 mg/ml), prior to injecting AGP, and the separa
as performed as described earlier. In the next step 2 o�l
-Me-Man (20 mM) was successively added directly to
on A solution (200�l) used in the analysis and the AG
eparation was repeated. This procedure was repeate
il the AGP separation was completely inhibited. The ad
olume of �-Me-Man in each step was in the same ra
s the evaporation during the separation so the volum
oncentration of Con A was constant in the experimenta
ies. The separation of the two AGP peaks (�t) was plotted
ersus the concentration of the inhibitor�-Me-Man [I] in the
xperiment and the dissociation constant (KD) between Co
and inhibitor�-Me-Man was estimated from the nonline

egression curve fit according to Nilsson et al.[25] using the
quation

t = ∆toKD

KD + [I]

�to is the migration time of biantennary AGP without�-
e-Man present. The AGP separation is in this case us
reporter system for the estimation ofKD between Con A

nd the inhibitor�-Me-Man.
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2.6. N-glycosidase F experiment

AGP was analyzed with Con A ACE (12 mg/ml, separation
zone length 120 s∼ 14 cm) as described previously. 5�l N-
glycosidase F (1000 U/ml) was added directly to the CE-vial
with 100�l AGP (2.5 mg/ml). The deglycosylation was done
under native conditions at a relatively low concentration of
N-glycosidase F. The successive loss of biantennary glycans
was followed with repeated Con A ACE analysis during 30 h.
The CE-vial with the mix of AGP andN-glycosidase F was
incubated at 37◦C between the analyses.

3. Results

3.1. Electrophoretic mobility of Con A and AGP

EOF was measured in all newly PVP-coated capillaries
by injecting 0.1%N,N-dimethylformamide. The coating pro-
cedure was very reproducible with an EOF of about 1.1×
10−5 cm2/(V s) in 50 mM sodium acetate, pH 5.0. The pH
of the BGE was selected to have Con A and AGP moving
in opposite directions when voltage was applied. The appar-
ent electrophoretic mobility at these conditions was 1.1×
10−4 cm2/(V s) for Con A and−0.8 × 10−4 cm2/(V s) for
A ath-
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Fig. 2. Electropherogram of AGP in Con A ACE with increasing concen-
tration of Con A in the separation zone; 4, 7 and 12 mg/ml. Separation zone
length was 120 s (14 cm). ACE conditions as inFig. 1.

was directly correlated to the separation of the two peaks with
a linear relationship (Fig. 1). The correlation with the con-
centration of Con A in the separation zone was less obvious.
No linear relationship between the Con A concentration and
the separation of the two peaks was found in the concentra-
tion range studied. A concentration of Con A above approx-
imately 10 mg/ml did not improve the separation (Fig. 2). A
concentration of 12 mg/ml Con A and a separation zone from
120 s injection (14 cm) was used as standard conditions.

3.3. Comparison of Con A chromatography and Con A
affinity capillary electrophoresis

Fractionated AGP from Con A chromatography (AGP
pool I, II and III) were analysed with Con A ACE (Fig. 3).
AGP pool I (not bound by Con A-Sepharose at high ion
strength) was eluted in the position of the first peak in Con
A ACE. AGP pool II and III (retarded and bound to Con A-
Sepharose, respectively) were both eluted in the position of
the second peak. AGP pool II eluted earlier than pool III in
Con A ACE but it was not possible to completely resolve the
two peaks.

3.4. Inhibition of Con A ACE with�-Me-Man

-
c ation

F og-
r uded
f zone
l

GP. In other words, Con A had a mobility towards the c
de and AGP had a mobility towards the anode. For
eason all affinity separations were done with the instrum
t reversed polarity, with detection at the anodic end o
apillary.

.2. Con A affinity capillary electrophoresis and the
artial filling technique

Con A ACE separated AGP into two peaks in less t
5 min. The resolution was increased with higher conce

ion of Con A and a longer separation zone (Figs. 1 and 2). The
eparation zone length (with constant Con A concentra

ig. 1. Electropherogram of AGP in Con A ACE with increasing sep
ion zone length; 35 s, injection (4 cm), 55 s, injection (6 cm), 75 s, in
ion (9 cm) and 120 s, injection (14 cm). Separation was performed
2 mg/ml Con A in the separation zone. ACE conditions: PVP fuse

ca capillary (27 cm total length, 20 cm effective length, 50�m i.d.); BGE,
0 mM sodium acetate (pH 5.0) with MgCl2 and MnCl2, 1 mM each; applie
oltage−15 kV; detection, UV absorption at 204 nm; sample concentr
–2 mg/ml; injection, 0.5 psi. for 10 s.
When an increasing concentration of�-Me-Man was in
luded in the separation zone in Con A ACE the separ

ig. 3. Electropherogram of AGP pool I, II and III (from Con A chromat
aphy) in Con A ACE; AGP not fractionated on Con A-Separose is incl
or a comparison. Con A concentration was 12 mg/ml and separation
ength was 120 s (14 cm). ACE conditions as inFig. 1.
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Fig. 4. Electropherogram of AGP in Con A ACE with 0.2, 1.0 and 2 mM
�-Me-Man in Con A separation zone. Con A concentration was 12 mg/ml
and separation zone length was 120 s (14 cm). ACE conditions as inFig. 1.

was successively lost (Fig. 4). The two AGP peaks were not
possible to resolve above a concentration of approximately
3 mM �-Me-Man in Con A separation zone (Con A concen-
tration 12 mg/ml = 0.5 mM monomeric Con A). The disso-
ciation constant (KD) between Con A and�-Me-Man was
estimated to 2.0 mM (KA = 0.5× 103 M−1) from the plot of
�t versus�-Me-Man concentration (Fig. 4).

3.5. Applications; separation of clinical samples and
deglycosylated AGP

AGP from blood donors and patients with RA was puri-
fied with affinity chromatography, as described earlier, and
analyzed with Con A ACE (Fig. 5).

AGP from the two groups had a similar separation profile,
as had been found earlier in analyses of commercial AGP, but
the relative area of the biantennary peak was lower in AGP
from RA-patients compared to the blood donors. The blood
donors had a relative area of 42% of the biantennary peak
and the two RA-patients had an area of 35–36%.

The addition ofN-glycosidase F to AGP had a great impact
on the appearance of AGP in Con A ACE (Fig. 6). Most
of the biantennary glycans was lost in approximately 3.5 h
while the rest of the glycans seems to be unaffected at this
point, as the migration time of the first peak was constant.
A uld
b peak

F CE.
R g/ml
a

Fig. 6. Electropherogram of AGP, with the addition ofN-glycosidase F, in
Con A ACE. Analyses at 0, 1.5, 3.5 and 14 h (inserted electropherogram).
Con A concentration was 12 mg/ml and separation zone length was 120 s
(14 cm). ACE conditions as inFig. 1.

towards later eluting (less acidic) glycoforms due to the loss
of sialic acids from the protein (Fig. 6).

4. Discussion

Some prerequisites are necessary to achieve an affinity-
based separation with the partial filling technique. The pH
of the BGE should be in-between the pI of two compounds
that are interacting and a coated capillary with a low EOF
has to be employed, in order to get a migration of sample and
affinity ligand in opposite directions. The capillary coating
should be compatible with the affinity ligand and sample and
prevent interactions of the proteins with the capillary wall. We
found that the coating with PVP was reproducible and easy
to perform; the lifetime of the coated capillary was about 100
injections.

In our case both AGP and Con A are heterogeneous, hav-
ing pI values between 2.9–3.3 and 4.5–5.5, respectively. The
distribution in pI is the explanation for the slightly hetero-
geneous appearance of the first AGP peak, containing the
glycoforms not interacting with Con A. The pH of the BGE
is at the pI of Con A but the electrophoretic mobility was
anyway found to be in the cathodic direction (backwards in
the capillary because of the reversed polarity). The separation
z ation
z was
r Con
A elow
5 rger
m ara-
t n to
w cen-
t lso
c tra-
t

red
t ilar
a , pH
fter approximately 14 h no further deglycosylation co
e detected and there was a shift of the remaining AGP-

ig. 5. Electropherogram of two clinical samples of AGP in Con A A
A; RA-AGP and BL; blood donor AGP. Con A concentration was 12 m
nd separation zone length was 120 s (14 cm). ACE conditions as inFig. 1.
one length and the concentration of Con A in the separ
one were varied to optimize the separation. A plateau
eached at a Con A concentration of about 10 mg/ml.

has been reported to exist mainly as a dimer at pH b
.6[11]. A successive formation of tetrameric, or even la
ultimers of Con A, would have an impact on the sep

ion in Con A ACE and can possibly be an explanatio
hy the separation did not improve with increased con

ration of Con A. The low ionic strength of BGE may a
ontribute to the inactivation of Con A at elevated concen
ions.

The separation of AGP with Con A ACE was compa
o Con A chromatography at conditions that were as sim
s possible. An identical buffer (50 mM sodium acetate
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5.0) was used in both methods and the concentration of Con
A was in the same range; 10–16 mg/ml in Con A-Sepharose
(according to the manufacturer) and 12 mg/ml in Con A ACE.
The elution order of AGP pools I, II and III was identical in
Con A-chromatography and Con A ACE. The elution con-
ditions were however not identical; AGP pool I was bound
at low ionic strength to Con A-Sepharose and it was nec-
essary to use�-Me-Man to elute AGP pool III from Con
A-Sepharose in contrast to Con A ACE where these interac-
tions were reversible at low ionic strength. The differences
between Con A-chromatography and Con A ACE can be due
to the formation of multimeric Con A as discussed earlier
or possibly an effect of the immobilisation to Sepharose. A
modified Con A, with a homogenous and monomeric appear-
ance, would probably improve the resolution in Con A ACE.
In our experience, it is generally an advantage to keep the
protein concentration in ACE at a moderate level and to in-
crease the separation zone length to improve separation, if
necessary.

It is however clear from the comparison of the two methods
that the first peak in Con A ACE is identical with the AGP pool
I in Con A-chromatography. This peak has been shown earlier
to include the glycoforms without biantennary glycans. The
second peak in Con A ACE comprises both AGP pool II
and III from Con A chromatography, which has been shown
t ary
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in relative peak area of the biantennary peak compared to
normal AGP. This was also found when the relative area of
the biantennary peak was compared between RA-patients and
healthy individuals, even if the difference was less than has
been estimated earlier with CAIE[28]. As the purpose of the
analysis of the clinical samples was mainly to demonstrate
the applicability of Con A ACE, no efforts were made to
further investigate these discrepancies.
N-glycosidase F has the capacity of releasing allN-linked

carbohydrate chains from a glycoprotein, converting as-
pargine to aspartic acid on the same time. As mostN-linked
carbohydrate chains has two or more sialic acids as a capping
structure, the deglycosylatation will have an impact also on
the pI of the protein. AGP is known to be difficult to degly-
cosylate and it is usually done under denaturing conditions at
very highN-glycosidase F concentrations. The conditions in
our experiment were not expected to promote a complete deg-
lycosylation of AGP but rather to indicate ifN-glycosidase F
had a preference for biantennary glycans. This seems to be
the case as the biantennary peak almost disappeared in 3.5 h.
The peak without biantennary glycans was not affected at
this time. After deglycosylation in 14 h a general shift to-
wards less acidic glycoforms of AGP was obvious and the
electropherogram show only one broad peak of partly degly-
cosylated protein.
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o includes AGP glycoforms with one or more biantenn
hain[12,13].

In the inhibition experiment, increasing concentration
-Me-Man was included in the separation zone in Co
CE. The inhibition, measured as the change in�t, was

ound to be correlated to the�-Me-Man concentration. Th
act implies that the separation is based of the affinity in
ction between Con A and mannosyl groups on AGP.
issociation constant (KD) between Con A and�-Me-Man
as estimated to 2 mM, an affinity about ten times we

han has been reported earlier[15]. Published data is fro
xperiments performed at neutral pH and it is reasonab
ssume that the affinity is considerably lower at pH 5.0

n our experiment. The affinity between Con A and othe
ibiting molecules, competing for the same binding sit
GP, can easily be studied in the same way using AG
“reporter molecule”. The material and time consump

or the analysis is very low when the “reporter system
stablished. The affinity between Con A and the bianten
lycans on AGP was not possible to calculate because
ncertainties about the concentration of active Con A in
eparation zone.

Con A ACE was used to analyse the glycoform distribu
f AGP in two different applications; the separation of A
lycoforms of RA patients and to follow the deglycosylat
f AGP withN-glycosidase F. Severe RA is connected wit

ncrease in branching of the carbohydrate chains of AGP
hereby a decrease in biantennary chains and a conco
ncrease of tri- or tetrantennary glycoforms[27]. These high
ranched glycoforms do not interact with Con A and it
xpected that AGP from RA-patients would show a decr
t

. Conclusions

Lectin partial filling ACE has the potential of specific a
uantitative analysis of a chosen glycoform in an autom
ay. Con A ACE was successful in separating human

nto two peaks according to the biantennary content o
lycoforms. It was possible to detect a decrease in bia
ary content in two AGP samples from RA patients an

ollow the deglycosylation of AGP with Con A ACE. Th
eparation of AGP with Con A ACE was also possible to
s a reporter system for the estimation of the affinity con
etween Con A and the competing sugar�-Me-Man. The
artial filling technique has mostly been used in chiral
ration of small drug molecules but this work demonstr

hat it is possible to analyse also large molecules as g
roteins with this approach.

The main obstacle with the partial filling technique
o have the desired mobility of the interacting compou
onstruction of “carrier ligands”, having an optimal el

rophoretic mobility, which then can be combined with a
ired affinity ligand, would greatly facilitate the developm
f a fast and general method for studying affinity interact

n solution.
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