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Glycophorin A (GpA) is one of the most abundant transmembrane proteins in human erythrocytes and its
interaction with lectins has been studied as model systems for erythrocyte related biological processes. We
performed a force measurement study using the force mode of atomic force microscopy (AFM) to investigate
the single molecular level biophysical mechanisms involved in GpA-lectin interactions. GpA was mounted on
a mica surface or natively presented on the erythrocyte membrane and probed with an AFM tip coated with
the monomeric but multivalent Psathyrella velutina lectin (PVL) through covalent crosslinkers. A dynamic
force spectroscopy study revealed similar interaction properties in both cases, with the unbinding force
centering around 60 pN with a weak loading rate dependence. Hence we identified the presence of one
energy barrier in the unbinding process. Force profile analysis showed that more than 70% of GpAs are free of
cytoskeletal associations in agreement with previous reports.
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1. Introduction

Most biological processes are achieved through direct molecular
interactions whose specificity and strength are determined by the
chemical, physical and mechanical properties of the participating
molecules. An important example of such molecular interactions can
be found in the signal transduction pathway from the outside to the
inside of a living cell [1]. This kind of signal transduction plays a
fundamental role in the modulation of cellular activities and
development of pathological states due to diseases. The topic
transmembrane protein, glycophorin A (GpA), has been demonstrated
as a specific receptor for Sendai virus [2], malaria parasites
(Plasmodium falciparum) [3], and Escherichia coli hemolysin [4] as
three representative pathogenic agents. Such observations stimulated
our interest greatly and prompted us to elucidate the biophysical basis
of the interactions between GpA and a lectin as a model ligand of GpA.
Recent technological development of AFM has brought us to an
unprecedented advantage so that we can explore the fundamental
mechanisms of life processes directly at the single molecular level
under physiological conditions [5]. This novel approach will greatly
deepen our understanding of the processes involving membrane
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receptors and extra-cellular ligand molecules as well as the related
biological structures providing interesting hints for new therapeutic
approaches.

GpAis a 131-amino acid, highly glycosylated sialoglycoprotein that
spans the erythrocyte plasma membrane once and presents its amino-
terminal end on the extra-cellular surface [6]. It contains approxi-
mately 15 O-glycans, the carbohydrates covalently attached to the
hydroxyl group of serine or threonine, and one N-glycan, the
carbohydrate covalently bound to asparagine through an amide
linkage [7]. The major O-glycan in GpA is the tetrasaccharide
NeuAcoi2-3Gal1-3 (NeuAca2-6) GalNAco together with its trun-
cated forms as minor components [8], and pentaoligosaccharides that
contains three sialic acid residues (e.g. Neu5Ac) [9]. Two polymorphic
variants of GpA present M and N epitopes in human and give rise to
the MN blood groups [6]. GpA monomers are normally dimerized in
the form of juxtaposed c-helices within the plasma membrane and
each erythrocyte has about 5.0-9.0 x 10° copies of GpA [10]. PVL is a
lectin from the fruiting body of Psathyrella velutina, which can recog-
nize two kinds of non-reducing terminal carbohydrate epitopes, i.e.,
GIcNAc and Neu5Ac residues in GpA [11,12]. It is a monomeric lectin
with 401 amino acid residues. Its crystal structure is given in PDB as
2bwr, for example. It is a multivalent lectin and can bind up to six
ligands in a monomeric unit.

The interactions between GpA and PVL have been studied by
Krotkiewska et al. [13] using a BlAcore biosensor equipped with a
surface plasmon resonance detector. They found that the binding
constants of immobilized PVL with native GpA were similar to each
other, regardless of the blood group of erythrocytes as the source of
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the GpA samples. The stationary unbinding force on the red blood cell
has been measured by Afrin et al. [14] to be around 70 pN by AFM.
However, no data are available for the dynamics of GpA-PVL
interactions and the availability of such data will be important for
understanding the mechanism of GpA-PVL complex formation and
the way the recognition process proceeds.

In order to investigate the GpA-PVL interactions at the molecular
level, we designed dynamic force spectroscopy experiments in vitro as
well as in situ for comparison, and analyzed the force curves obtained
in the force-volume mode of AFM using Bell-Evans model [1,15,16].
Interaction mechanics between macromolecular ligands and receptors
has been an important target of AFM studies and many examples
together with the fundamentals of force spectroscopy are extensively
covered by Butt et al. [5]. Examples of such studies, especially using
lectins as a receptor and glycoproteins as ligands, are found in [17-19].
By adopting similar methodologies, we found that the dissociation
reaction of GpA-PVL complex was defined by a single energy barrier
within the experimentally accessible range of the force loading rate in
this work. Measured results for in vitro and in situ experiments
showed that similar binding and unbinding events were taking place
under the two different conditions. We also performed an inhibition
experiment to verify the specificity of the reaction. A further force
profile analysis showed that most GpAs are free of direct cytoskeletal
association in agreement with previous reports. The erythrocyte
membrane contains other glycoproteins, such as glycophorin B and C
with similar sugar moieties with GpA but the latter is the predominant
species on the molar basis. Another major glycoprotein on the
erythrocyte membrane, Band 3, has only a few terminal sialic acids
but no terminal N-acetyl glucosamines [20]. We, therefore, considered
the in situ force data presented in this paper were mainly on GpA. The
experimental approach developed here can also be applied to
investigate the interactions between GpA and other lectins.

2. Materials and methods
2.1. Chemicals and proteins

APTES (3-aminopropyltriethoxysilane), DIPEA (N, N-diisopropy-
lethylamine), 1,8-octanedithiol, 6-mercapto hexan-1-ol, CHAPS (3-[(3-
cholamidopropyl) dimethylammonio]-1-propanesulfonate) and bovine
GpA was purchased from Sigma-Aldrich, (St. Louis, MO). DSS (dis-
uccinimidyl suberate) was supplied by Pierce (Rockford, IL) and the PEG
crosslinker, N-hydroxy-succinimide ester-polyethlene glycol-maleimide
(NHS-PEG-MAL) with the PEG part of 3400 Da was purchased from
Nektar Therapeutics (Huntsville, AL). The lectin, PVL, was purchased
from Wako Chemicals (Tokyo, Japan). Phosphate buffered saline without
extra calcium ions (PBS (-)) was supplied from Gibco Invitrogen
(Carlsbad, CA).

2.2. Preparation of mica substrate and AFM cantilever

Mica substrates with a diameter of 9.9 mm were purchased from
Ted Pella Inc. (Redding, CA). Commercial soft cantilever probes,
OMCL-TR400 PB-1 (both sides gold coated) with a nominal force
constant of 0.02 nN/nm and extremely soft gold coated cantilevers,
BL-RC-150VB, with a nominal force constant of 0.006 nN/nm were
both provided by Olympus (Tokyo, Japan). The cantilever force
constants were determined by thermal noise analysis [21], with an
uncertainty range of approximately + 10%. Cross-linking of PVL and
GpA to cantilever tips and mica substrates respectively was a three-
step process as schematized in Fig. 1.

First, cantilevers and mica substrates were cleaned in a UV ozone
cleaner (NL-UV253, Nippon Laser & Electronics Lab., Japan). Then
mica substrates were silanized by exposing them to APTES vapors for
2 hin a 2-liter desiccator filled with argon and containing 30 pl APTES
and 10 ul DIPEA in small vessels to introduce primary amino groups to
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Fig. 1. Three-step cross-linking protocol for AFM tip and mica substrate. (A) First,
gold-coated tips were modified by incubation with 1, 8-octanedithiol (1 mM) and
6-mercapto hexan-1-ol. Second, a heterobifunctional PEG linker was anchored to
amino-group bearing tips through maleimide end. Third, PVL was finally cross-linked to
tip by attaching to the NHS free end of PEG. (B) First, mica was aminosilanized by exposure
to APTES vapors. Second, DSS was attached to amino-group through one of its NHS ester
end. Third, GpA was cross-linked finally by interaction between its amino group end and
the other NHS ester end of DSS.

mica surface [22,23]. Cantilevers were incubated with 50 pl of 2 mM
1,8-octanedithiol and 50 pl of 20 mM 6-mercapto hexan-1-ol in
ethanol for more than 18 h to introduce thiol-groups on the tip
surface. The modified cantilevers with thiol groups were washed with
ethanol and incubated for 60 min with 1 mg/ml of NHS-PEG-MAL in
PBS. They were then washed several times with PBS to remove
unreacted crosslinkers.

Second, the amino silanized mica was incubated in a 2-2.5 mM
DSS dissolved in 2.5% DMSO solution in ethanol for 60 min and then
rinsed with MilliQ water for 3 times to remove unreacted DSS. Third,
the DSS modified pieces of mica as above were incubated with 0.2-
1 mg/ml GpA dissolved in an aqueous CHAPS solution (50 mg/ml) for
60-90 min while the NHS-PEG-MAL modified cantilevers as above
were incubated in an aqueous solution of PVL (0.2-1 mg/ml) for 60—
90 min. Finally modified cantilevers and mica substrates were
extensively washed with PBS (pH 7.4) to remove unbound molecules
and CHAPS micelles for force measurement. Forced removal of
unbound GpA from the mica surface in 1% sodium dodecyl sulfate
solution in PBS was sometimes used without significant difference in
the results.

2.3. Red blood cell

Erythrocytes were collected from fresh human blood by 5 min
centrifugation at 2000 RPM and then subjected to centrifugal washing
for five times with PBS supplemented with 2 mM ATP. An aliquot of
diluted cell suspension in PBS was left on a poly-L-lysine-coated slide
glass for 30 min and then gently rinsed with the same buffer just
before force measurement experiments.
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2.4. AFM force measurement

All the force measurements for in vitro experiments were
performed with a commercial NanoScope IIl MultiMode AFM (Digital
Instruments, Santa Barbara CA), and for in situ experiments we used a
BioScope AFM (Veeco, Plainview, NY) which enabled us to monitor
the location of the AFM cantilever over the cell surface through an
optical microscope. In the force volume mode, the tip was alternately
approached to and retracted from 16 x 16 points over a 1 pm? sample
surface while force curves were synchronously recorded. Dynamic
force spectroscopy study was achieved by varying the retraction speed
of cantilever from 100 to 7500 nm/s and its ramp size from 100 nm to
200 nm. The hydrodynamic drag force should not interfere the force
measurement significantly as long as it is working on the cantilever
under steady state conditions.

2.5. Data analysis

We analyzed force curves with software developed on a fuzzy logic
algorithm [24]. Most probable unbinding force was obtained by
applying a Gaussian fitting curve multiplied by a window function to
the histogram of unbinding force in order to account for the limited
force sensitivity [25,26]. The apparent loading rate was defined as the
slope of the force curve just before the final rupture event. Errors in
the determination of the mean of the distribution and in the cantilever
spring constant uncertainty were taken into account as the uncer-
tainties in the mean unbinding force and in the loading rate. Mean
rupture length histograms were obtained similarly while the
uncertainty was given by the standard error of the mean. Detailed
description of this method can be found in our previous publication
[27].

3. Results
3.1. Most probable unbinding force study

We started our investigation of GpA-PVL interactions of in vitro
experiment first, in which PVL was cross-linked to an AFM tip and GpA
was mounted on a flat mica substrate as described above and
schematically shown in Fig. 1. Force distance curves were recorded
in PBS (pH 7.4) under the force-volume mode of the multimode AFM
while a basic media was supplied to mimic extracellular environments
in which the interaction of GpA and its lectins usually occurs. A
collection of recorded typical force-distance curves in the retraction
regime is given in Fig. 2(A). The cantilever started retracting from the
substrate surface at the leftmost end of the curves, initially following a
straight line and then followed by a distinctly non-linear force
extension profile characteristic to the stretching of PEG linkers until a
rupture event (a force curve jump) took place, where a sudden
upward deflection of the tip was recorded. The numerical value of the
rupture force can be calculated by multiplying the deflection change
in nm by the cantilever force constant in nN/nm. While some
retraction curves showed no indications for specific GpA-PVL
interactions, approximately 40-50% of all the curves presented a
typical feature of an abrupt upward deflection ended with a jump of
the cantilever to its free position, which was interpreted as
representing the rupture event of specific GpA-PVL interaction. The
magnitude of this force jump was taken as the force required to
unbind the GpA-PVL complex, which was confirmed by control
experiments given below. For each approaching and retracting speed
of the tip to the sample, N (generally N=2048) curves were recorded
over different spots while the tip was scanning over the sample
surface. The typical force curves were extracted, analyzed and plotted
into a force histogram (Fig. 2(B)) by Matlab based fuzzy logic
algorithm as described above. In order to avoid possible inclusion of
non-specific adhesion events, only those rupture events taking place
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Fig. 2. Specific interaction between purified GpA and PVL for in vitro experiment.
(A) Typical interaction force curves measured on mica. Vertical axis indicates cantilever
deflection as a function of the cantilever-substrate retraction distance. (B) Force
histogram of 923 unbinding events out of 2048 force curves. The mean unbinding force
value is 52 + 14 pN at a mean loading rate of 0.9 nN/s. (C) Unbinding length distribution
corresponding to the events shown in B, centered at 22 4+ 6 nm.

after 10 nm extension of PEG linkers were collected in the given
histograms here and elsewhere in this paper.

A clear major peak arose from the Gaussian fitting of the force
distribution with a mean and a standard deviation of 52 pN and 14 pN,
respectively, at a mean loading rate of 0.9 nN/s. The mean unbinding
length for these events was Gaussian fitted to be 22 4+ 6 nm (Fig. 2(C)),
which corresponded to the extension of the PEG linker modeled as a
worm like chain of 30 nm contour length under a tensile force of 60 pN
[5]. A minor peak under the second Gaussian fitting curve was
considered as the result of multiple unbinding events.

We then proceeded to in situ experiments following the same
procedure using similarly functionalized tips to probe the native GpA
molecules directly over erythrocytes surface on the BioScope AFM.
Force curves were recorded, analyzed and plotted into a histogram in
Fig. 3, in the same way as with in vitro experiments. Typical force
curves (16.5%) were featured with extremely long cantilever deflec-
tion up to 620 nm before the force curve jump occurred, which was
considered to come mainly from the extension of the cell membrane,
otherwise known as tether formation [ 14]. From Gaussian fitting curve
of the histogram of the final unbinding force given in the inset of Fig. 3,
the most probable unbinding force was obtained as 63 +9 pN under a
loading rate of 14.5 nN/s.

3.2. Dynamic force spectroscopy analysis

By recording force curves with various tip speeds (consequently
different loading rates), we found that the most probable unbinding
force was not a constant for GpA-PVL pair but depends on the loading
rate of the pulling force. The measured loading rate range was from
0.135 nN/s to 9 nN/s for in vitro experiment and from 1.35 nN/s to
40.5 nN/s for in situ experiment, with corresponding most probable
unbinding force values varying from 42 to 60 pN, and from 50 to
65 pN, respectively. This feature of GpA-lectin interactions is an
example of dynamic force spectroscopy, which plots the values of
most probable unbinding force against the logarithm of apparent
loading rate, as schematized in Fig. 4(A).
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Fig. 3. Typical interaction force curves recorded in situ. They are featured with the long
extension. Inset on upper right is the force histogram of 169 unbinding events out of
1024 force curves. The mean unbinding force value is 63 9 pN at a mean loading rate
of 14.5 nN/s, with unbinding probability of 16.5%.

The results fitted well with a commonly adopted Bell-Evans model
in describing unbinding pathway of molecular interactions, where the
transition from bound to unbound state is described as the escaping
process of the bond from a potential well by overcoming one or more
activation energy barriers [15,16]. When a constant external force, f, is
applied to a GpA-PVL pair, the dissociation process is facilitated by a
lowered energy barrier resulting in an increased dissociation rate
constant as:

ky(f) = kdexp<{<A¥> (1)

where k9 is the intrinsic dissociation rate (i.e., dissociation rate
constant under zero external force), Ax is the width of the energy
barrier (the distance between the maximum and minimum of the
interaction potential) along the direction of applied force, kg is the
Boltzmann constant and T is temperature in Kelvin. When the applied
force increases with a constant rate r;, the most probable unbinding
force, f*, can be written as:

= k'iln A
A KQksT

f + kABX In (rf> )

By curve fitting, we found that the dynamic properties of GpA-PVL
interaction was almost the same for both in vitro and in situ experiment,
as shown in Fig. 4(A). It shows that only one rate regime exists, in which
the force increases linearly with the force loading rate. Parameters
concerning GpA-PVL interaction can be calculated by applying experi-
mental data to Eq. (2).The values of Ax and k3 were obtained as 0.990 nm
and 1.4x 1073 s~ !, respectively. This value is in reasonable agreement
with the reported value of 3.45x 1072 s~ ! for the interaction between
PVL and fetuin and 2.39x10~> s~ for PVL and asialoagalactofetuin
[28]. With the reported dissociation constant Kp of GpA-PVL as 4.3 nM
[13], the association rate constant k9 can be obtained as 3.3 x 10> mol~
s~ ! which is also in good agreement with the reported value of
1.35x10°mol ™' s~ ! for PVL-fetuin and 4.6x 10°mol™"' s~ ! for PVL-
asialoagalactofetuin interactions [28]. It is interesting to note that our

calculated rate constants for PVL-GpA interaction are closer to those
reported for PVL-asialoagalactofetuin than for PVL-fetuin interaction.
Finally an approximate geometry of energy landscape for GpA-PVL
interaction was depicted in Fig. 4(B) with only one activation barrier at a
position 0.990 nm from the equilibrium bond length.

3.3. Specificity of unbinding force

In order to confirm the specificity and our interpretation of the
measured unbinding event, we did the unbinding length study and
inhibition experiment.

3.3.1. Unbinding length study

An important evidence to support the interpretation of unbinding
force as the force needed to break GpA-PVL complex came from an
inhibition experiment and measurement of unbinding length, which
mainly determined by cross-linker extension from zero distance to the
position of the complex rupture in a force-distance curve. The contour
length of the extended PEG linkers was estimated to be about 32 nm
according to its molecular weight [29]. The measured unbinding
lengths based on over 2000 rupture events were in the rage from 20-
30 nm, as one example shown in Fig. 2(C), which strongly supported
the interpretation of a rupture event as breaking specific interactions
between GpA and PVL. This is a reasonable value because the PEG
linker was extensible up to 70-80% of its contour length at the tensile
force of ~60-70 pN.
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Fig. 4. Dynamic interactions between GpA and PVL. (A) Dynamic force spectroscopy of GpA-
PVL interactions in vitro (white dots) and in situ (black dots). The most probable unbinding
force was plotted as a function of the loading rate logarithm, which showed that only one
regime exists for GpA and PVL interactions. Solid lines represent the fitting curves
corresponding to Eq. (2). Error bars were obtained as described in Data analysis part.
(B) Energy landscape. Only one energy barrier exists for GpA-PVL complex to overcome from
bound state to unbound state at a distance of 0.990 nm from the equilibrium bond length.
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3.3.2. Inhibition experiment

An inhibition experiment was designed in which force measure-
ment was performed with a large excess of free GpA in solution.
Binding of free GpA molecules to PVL on tip should prevent the
formation of a complex during approach of the tip to surface and thus
no rupture event was expected. In one set of experiment, the force
measurement was, first, conducted without inhibition and result was
obtained that unbinding force of 52 + 14 pN (Fig. 2(B)) and binding
probability of 46% at the loading rate of 0.9 nN/s. Then keeping all
other experimental conditions unchanged, a large excess of free GpA
was added to the solution on the mica surface, which was washed
with PBS (pH 7.4) before force measurement. The results of such
experiments are given in Fig. 5(A) and (B) where the binding
probability dropped to about 1% in the presence of free GpA,
demonstrating that our measurement was precisely targeted on the
interactions between GpA and PVL with little interference of non-
specific reactions.

A similar inhibition protocol was applied to in situ experiment and
similar result was also observed (Fig. 5(C) and Fig. 5(D)). The obvious
decrease of unbinding probability measured in the presence of free
GpA molecules demonstrated successful blocking of recognition
between PVL on tip and GpA on the cell surface, which provided
strong evidence to support the interpretation that a rupture event was
coming from breaking of specific interactions between GpA and PVL.

3.4. Force profile analysis for in situ experiment

The internal protein skeletons of erythrocyte govern its distinctive
discocyte-echinocyte morphology changes while the transmembrane
protein GpA, presenting all of its saccharides to the outside of the cell,
can affect the cell shape through direct or indirect association with
internal cytoskeletons. AFM was demonstrated to have the capability
for distinguishing membrane proteins with/without cytoskeletal
associations by analyzing the obtained force curve profile [14]. The
force curves called Type I in [14] featured with tether elongation
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Fig. 5. GpA-PVL binding competitor experiments. (A) Force histogram of GpA-PVL
interaction obtained from in vitro. (B) As in panel A after tip being blocked with abound
free GpA molecules, the unbinding probability was decreased from 46% to 1.22%. (C)
Force histogram of GpA-PVL interaction obtained from in situ. (D) As in panel C after tip
being blocked with abound free GpA molecules, the unbinding probability was
decreased from 16.5% to 1.95%.

followed by a snap back to the free position of the cantilever were
taken to indicate the absence of association with cytoskeletal
components, while Type II force curves which showed additional
force peaks to Type I curves, were interpreted to indicate the presence
of cytoskeletal associations. The in situ force curves obtained in our
experiment were sorted into 3 groups according to the above
definitions: group 1 (Type I), group 2 (similar to Type II), group 3
(not belonging to Types I or II), with the percentage of relative
appearance as 67.6%, 24.2% and 9.2%, respectively. The origin of
multipeaks in group 2 curves in this work probably involved rupture
events of non-specific adhesion of cantilever with sample surfaces in
addition to the breakdown of GpA-cytoskeleton interactions. Conse-
quently, our conservative estimate based on the probability of
obtaining group 1 curves of GpA free of interaction with cytoskeletal
structure was ~70% and result agrees with the reported fact that about
20-30% of GpA are directly or indirectly associated with membrane
cytoskeleton [10,30]. The remaining 70-80% were interpreted to be
not directly associated with the cytoskeletal structures [31,32].

4. Discussions

We designed the in vitro and in situ experiments to investigate
interactions between GpA and PVL at the single molecular level, and
obtained the most probable unbinding force at several loading rates.
Based upon the analyzed data we elucidated the dynamic force
spectroscopy and energy landscape, and performed force curve
profiles analysis.

The multivalency of PVL did not clearly show up in our
experiments except that, sometimes, force curves with two or more
peaks were observed, which was believed to be due to binding and
subsequent unbinding of two or more GpA molecules to PVL modified
tip. Whether it was multiple binding to a single lectin molecule or
binding to multiple lectin molecules was not confirmed. The in situ
force curve with a long plateau was considered to be due to the
formation of a lipid tether accompanying the pulling process of a
transmembrane protein from the membrane [5].

By treating experimental data with Bell-Evans model, we obtained
the dynamic force spectroscopy and energy landscape (Fig. 4B). It
indicated that the dissociation process of GpA-PVL complex involved
overcoming only one energy barrier situated at 0.990 nm from
equilibrium. Application of an external force to GpA-PVL complex
distorted its energy landscape and lowered the activation barrier
[15,33].

Additional experiments were done for both in vitro and in situ ones
to confirm specificity of the binding reaction. GpA-PVL interaction
specificity was verified by the unbinding length analysis and
inhibition experiment. The unbinding length analysis showed that
almost no events were detected beyond an extension of 30 nm (Fig. 2),
which was near the longest extreme of PEG linker having an
approximate contour length of 32 nm. On the other hand, it indicated
that unbinding mainly occurred while PEG linker was not fully
stretched. Moreover, inhibition experiments involving binding com-
petitors further demonstrated the specificity of the unbinding
reaction we studied. The inhibition was not absolute with limited
cases of unbinding events still persisting [22,33-35], for it was mainly
coming from a force binding due to the direct contact between tip and
sample [27] and it took time for achieving a complete blocking.
Reprobing after a relatively longer time greatly decreased the number
of persisting events.

The stationary GpA-PVL interaction was studied in vitro by BlAcore
biosensor and the dissociation constant for GpA-PVL was obtained as
4.3 nM [13], based on which and the value of k3 obtained in this work,
the association rate k¢ was obtained as 3.3x10°> mol~! s~ L
Comparing with the association rate of 2.0x10% mol~! s~ ! (high-
affinity site) or 9.6x10% mol~! s~ !(low-affinity site) [36] between
GpA and wheat germ agglutinin (WGA), which also recognizes the
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GIcNAc and Neu5Ac residues in GpA, the association rate between
GpA and PVL is at least 16.5-fold larger. This is consistent with the
report that GpA reacts with PVL about 50-fold more strongly than
WGA [13].

In conclusion, we demonstrated that the interactions between GpA
and PVL depended on the loading rate. Force measurement with
purified GpA mounted on mica and native GpA on erythrocyte surface
fitted well with each other and the most probable force value to break
GpA-PVL complex did not depend on molecular environment
surrounding GpA in situ, indicating that it is possible to analyze
GpA-lectin interactions in vitro by replacing that in situ. Measurement
of the interaction between GpA and lectins may help to detect even
small changes in the carbohydrate moiety of this glycoprotein [13].
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