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Abstract
Reproducible and efficient affinity enrichment is increasingly viewed as an essential step in many
investigations leading to the discovery of new biomarkers. In this work, we have evaluated the
repeatability of lectin enrichment of glycoproteins from human blood serum through both
qualitative and quantitative proteomic approaches. In a comprehensive evaluation of lectin
binding, we have performed 30 separate microscale lectin affinity chromatography experiments,
followed by a conventional sample purification, and LC-MS/MS analysis of the enriched
glycoproteins. Two lectin affinity matrixes, both with Con A lectin immobilized to the same solid
support but differing in the amount of immobilized lectin, were investigated to characterize their
binding properties. Both qualitative and quantitative data indicate acceptable repeatability and
binding efficiency for the lectin materials received from two different commercial sources.
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1 Introduction
The glycosylation of proteins is one of the most common posttranslational modifications
(PTM) observed in eukaryotic species. On average, over 50% of human serum and tissue
proteins are likely to be glycosylated [1-3]. The glycosylation of proteins can be essential to
their different functions and, consequently, it has been implicated in a multitude of cellular
processes [4]. For example, the solubility and stability of a protein is dependent on
glycosylation [5], while this type of modification directly influences intra- and extracellular
trafficking of proteins, as well as mediating and modulating both cell signaling and cell
adhesion [6-9]. Moreover, aberrant glycosylation of proteins has been recognized as an
attribute of many diseases, including rheumatoid arthritis [10], prion diseases [11],
congenital disorders of glycosylation [12], cardiovascular diseases [10], and cancer [5,
13-18].

Since glycoproteins, some of which may be potential disease biomarkers, are commonly
present in only minute quantities in the analyzed tissue extracts and physiological fluids,
their isolation and enrichment prior to analysis become mandatory. Consequently, numerous
attempts have been made to develop methods aimed at the enrichment of glycoproteins
present in complex biological samples [19]. Some of these enrichment methodologies
depend on the use of immobilized lectins, which permit a more or less selective enrichment
of the pools of glycoproteins for proteomic/glycomic studies [20-28].
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Lectins are specialized proteins that have been isolated from various plants and animal
sources. For a number of years, they have been employed to study interactions with
glycoconjugates [29-32]. Lectins have also been widely used to isolate, purify and
characterize glycoproteins and glycolipids in various modes of affinity chromatography [29,
30]. The lectin affinity separations in conventional columns have now been recognized as a
powerful means for purification of glycoproteins prior to structural studies [33]. These
techniques are based on a reversible, biospecific interaction of certain glycoproteins with the
lectins immobilized to a solid support such as agarose and similar materials. Some of these
materials have been routinely used to isolate glycoproteins on the basis of their different
glycan structures. Commonly, a complex mixture of proteins is applied to an immobilized
lectin bed, while the unbound proteins can be washed out with a binding buffer. The
interacting glycoproteins are subsequently displaced by washing with an elution buffer,
which usually contains a hapten sugar. Lectin affinity chromatography has been conducted
in different formats, including tubes [23], packed columns [24], microfluidic channels [34],
and unconventional solid surfaces, such as colloidal gold [35] and affinity membranes [36,
37]. Moreover, the capability of lectins to reversibly interact with a variety of glycoproteins
has been extensively exploited in many proteomic investigations, where discovery of protein
glycosylation has been a primary concern [2, 38].

Bioanalytical methods implementing a glycoprotein enrichment step through lectin affinity
chromatography are becoming increasingly popular due to the diverse nature and ubiquity of
glycosylation in mammalian systems. The importance of lectin-carbohydrate recognition has
rapidly gained attention following the proven existence of aberrant glycosylation of proteins
in the progression of malignant diseases [15-18], a characteristic which lectin enrichment
methods can be uniquely tailored to recognize through the use of lectins with different
binding specificity. However, no comprehensive studies demonstrating the repeatability of
lectin enrichment have thus far been conducted. Previous glycoproteomic experiments that
were concerned with the repeatability of lectin enrichment prior to nano LC-MS/MS have
reported the results acquired from only two [25] or three analyses [39].

Although lectin affinity chromatography is employed routinely in numerous biochemical
laboratories as a glycoprotein isolating technique, its analytical/quantitative use has been
less common. This is expected to change with the increasing demand in contemporary
proteomic investigations to perform differential measurements on a multitude of
glycoproteins in complex mixtures within a wide concentration range. Additionally, the
emphasis on analyzing small samples without the losses of trace analytes in the system
distinctly favors miniaturization of all system's components, including the lectin
preconcentration step. Although there have been promising attempts to miniaturize lectin
affinity devices through surface-immobilized lectin arrays [40] or lectin microcolumns
coupled to reversed-phase liquid chromatography [41, 42] and liquid chromatography/mass
spectrometry [21, 22, 41-44], a comprehensive enrichment of glycoproteins from complex
protein mixtures has not been systematically addressed. While the recent studies using single
lectin or multi-lectin affinity chromatography [21, 25-28] have demonstrated the efficacy of
glycoprotein enrichment through this technique, little effort has been aimed at addressing the
repeatability of this technique and its quantitative limits.

Here, we address the repeatability of lectin affinity chromatography in quantitative
proteomics, involving human blood serum, which was depleted from the six most abundant
proteins prior to lectin-enrichment step and subsequent LC-MS/MS analysis. We also
address the quantitative aspects and limits of this methodology. The lectin media acquired
from two different vendors were employed separately to enrich glycoproteins from 30 blood
serum samples. The amount of bound and unbound proteins was determined through both
the Bradford assay and quantitative proteomics. The latter involves LC-MS/MS analysis and
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label-free quantification utilizing our recently developed ProteinQuant computer tool [45].
The data generated through this study support the repeatability of lectin affinity enrichment
even when using media from different vendors.

2 Materials and Methods
2.1 Materials and chemicals

Concanavalin A (Con A) affinity media immobilized to agarose gel were purchased from
Amersham Biosciences (Piscataway, NJ) and Vector Laboratories (Burlingame, CA), and
were used as 50% (v/v) slurry in a binding buffer as recommended by each vendor. These
lectin gels are referred to as “affinity matrix A” and “affinity matrix B,” respectively.
Human blood serum sample pooled from different healthy female donors was obtained from
Innovative Research, Inc. (Novi, MI), stored at -70°C, and thawed immediately prior to use.
Dithiothreitol (DTT) and iodoacetamide (IAA) were acquired from Bio-Rad (Hercules, CA).
Proteomic sequencing grade trypsin, chicken lysozyme, and all other chemicals were
obtained from Sigma-Aldrich (St Louis, MO). All buffers were prepared by solubilizing the
appropriate chemicals in deionized water (Millipore, Billerica, MA).

2.2 Immunoaffinity depletion
Human blood serum samples were depleted of the six most abundant proteins (albumin, IgA,
IgG, haptoglobin, anti-trypsin, transferrin) using the Multiple Affinity Removal System
(MARS) column (4.6 mm × 100 mm, Agilent Technologies, Santa Clara, CA). This column
has a 30-μL loading capacity. Accordingly, 60 30-μL aliquots of serum sample were
depleted according to the protocol recommended by the manufacturer prior to a buffer
exchange into the lectin-binding buffer (10 mM TRIS.HCl, pH 7.5, 500 mM NaCl, 1 mM
MnCl2, 1 mM CaCl2, 0.08% NaN3) using 5 kDa MWCO spin concentrators (Agilent). Prior
to lectin binding, all depleted human blood serum aliquots were pooled together and the total
protein content was determined by Bradford assay [46]. The total volume of the pooled
sample after buffer exchange was 7.5 ml which was evenly divided into 60 aliquots (125 μl
each). Each aliquot was subjected to lectin affinity chromatography as described next.

2.3. Lectin affinity chromatographic enrichment
Due to the difference in the amounts of Con A immobilized on both affinity matrixes used
here (see Table 1), it was necessary to adjust the volumes of gel slurries accordingly, so that
the same amount of lectin was utilized in all binding experiments. Accordingly, a 125-μL
aliquot of depleted blood serum (ca. 213 μg of proteins) solubilized in the lectin binding
buffer was added to an appropriate volume of lectin gel (Table 1), vortexed and shaken
overnight at 4°C. After washing the lectin gels 3-times with 100 μL of the binding buffer,
glycoproteins were displaced from the lectin media through washing with a 100- μL aliquot
of the recommended elution buffer twice (Table 1). In order to reliably evaluate the
repeatability of the method, 30 lectin-binding experiments were performed in parallel, with
the two gel-based media obtained from different sources. Collected Con A bound fractions
were then filtered and dialyzed overnight on a 96-well plate dialyzer (Harvard Apparatus,
Holliston, MA) against 50 mM ammonium bicarbonate. Next, dialyzed samples were dried
and resuspended in a 250-μL aliquot of 50 mM ammonium bicarbonate buffer prior to the
enzymatic digestion. A Bradford assay was used for the determination of a total protein
content remaining in all lectin unbound and bound fractions.

2.4 Trypsin digestion of Con A-bound fractions
The lectin-bound fractions were denatured by heating at 95°C for 10 min and reduced with a
2.5-μL aliquot of 200 mM DTT followed by incubation at 60°C for 30 min. After alkylation
with 10 μL of 200 mM IAA at room temperature for 30 min in the dark, and subsequent
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quenching of the reaction with 2.5 μL of 200 mM DTT, the glycoproteins were digested
with trypsin (enzyme:substrate ratio of 1:50 w/w) at 37°C for 18 hours. Enzymatic digestion
was then stopped through the addition of 2 μL neat formic acid. In order to monitor the run-
to-run consistency of LC-MS/MS experiments, the digested samples were spiked with a
tryptic digest of chicken lysozyme, which was separately prepared under the same
conditions.

2.5 Nano ESI-LC-MS/MS, data processing and high-throughput quantification
A 4-μL aliquot of each digested lectin-bound fraction, spiked with 1 pmol of chicken
lysozyme tryptic digest, was subjected to nano-LC-MS/MS analysis performed on an 1100
LC system (Agilent Technologies, Santa Clara, CA) connected to an LC/MSD Trap XCT
Ultra mass spectrometer (Agilent Technologies) fitted with nano ESI source. Peptides were
on-line desalted on a C18 PepMap300 trapping cartridge (5 μm, 300 Å, 300 μm id × 5 mm;
Dionex, Sunnyvale, CA) and separated on a Zorbax C18 capillary column (3.5 μm, 75 μm
i.d. × 150 mm; Agilent Technologies) over 55 mins with a linear gradient from 3-55%
aqueous acetonitrile mobile-phase containing 0.1% formic acid. The LC system was
controlled by ChemStation software (Agilent Technologies), while the data generated by the
mass spectrometer were acquired in EsquireControl software (Bruker Daltonics, Billerica,
MA). The mass spectrometer capillary voltage was kept at 1700 V, while the desolvation
temperature was maintained at 300°C. The ion charge control value (ICC) of the mass
spectrometer was set to 200,000 with a maximum ion accumulation time of 200 ms. An MS/
MS fragmentation of the five most intense precursor ions in the spectra was performed
automatically with an exclusion window of 0.5 min.

Data acquired with the mass spectrometer were processed with Data Analysis Software
(Bruker Daltonics) and subjected to Mascot database searching. The data were then
submitted to another search against a reversed version of the same protein database in order
to estimate the false positive rate [47, 48]. This estimation was then used to set a MOWSE-
based peptide filtering criteria, where the ion score threshold represented a false positive rate
of less than 5%. In addition, the peptide hits found with the same query numbers in both
regular and reversed databases were excluded from the results, since they are most likely
false positives. Identified proteins and peptides were then processed and quantified using our
in-house developed ProteinQuant Suite software [45].

3 Results and Discussions
This study is aimed at evaluating the repeatability of glycoprotein enrichment using the
lectin affinity principle. As shown in Figure 1, which outlines the experimental workflow,
we have used human blood serum sample depleted of the six most abundant proteins, thus
representing, in terms of complexity, the majority of real samples typically subjected to
quantitative glycoproteomic analyses. The repeatability of lectin binding was examined
through analyzing large sets of samples (n=30) prepared through mixing the aliquots of
depleted serum with Con A immobilized on agarose gel. The choice of Concanavalin A was
predominantly due to its facile availability, low cost and a relatively broad specificity
toward N-glycans [29]. Since the interaction of glycoproteins with a specific lectin
covalently attached to the agarose gel can also be influenced by the nature of coupling
chemistry and the amount of loaded lectin, the binding performance of two different Con A-
agarose affinity media has been compared. In order to avoid other sources of variation, each
sample aliquot was always added to the appropriate volume of these gels, so that the amount
of Con A used for the binding was the same regardless of the source. The interpretation of
binding repeatability was based on the statistical evaluation of the results acquired from 30
affinity chromatography experiments conducted in parallel for both Con A-agarose media.
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3.1 Efficiency of lectin binding and protein recovery
The lectin-enriched glycoproteins of depleted human blood serum were eluted, desalted,
enzymatically digested, and subjected to nano-LC-MS/MS analysis. Acquired data were
then evaluated through both a qualitative approach based on reliable protein identification,
and a quantitative approach, which relies on a software-assisted data evaluation. While it is
apparent that there is a certain level of variation introduced through the experimental
workflow, a miniaturized lectin affinity enrichment will likely have the most significant
influence on the overall repeatability. However, this is expected to be minimal. Additionally,
the use of microscale lectin affinity enrichment was dictated by the fact that many real
samples, such as body fluids or tissue extracts, may be available to proteomic studies only in
small quantities, thus making it necessary to perform lectin enrichment in small volumes.
Despite continuous improvements, affinity enrichment, in comparison with some other
chromatographic enrichment methods (reversed-phase, ion-exchange, etc.), still suffers from
relatively low recoveries, caused mainly by the irreversible non-specific binding of analyzed
components to the surface of a chromatographic support. The extent of non-specific
interactions depends predominantly on the type of matrix, surface activation, and nature of
coupling chemistry [38].

Recognizing the existence of such non-specific interactions and their possible impact on
sample losses experienced in microscale glycoproteomic experiment [21], we have
characterized both lectin affinity media in terms of their binding efficiency as well as the
total protein recovery. The average percentage of protein content determined in all bound
and unbound fractions by the Bradford assay is shown in Figure 2. The data suggest that
both Con A affinity media (matrix A and B) exhibited very similar binding properties.
Moreover, statistical evaluation based on 30 separate Con A affinity experiments for each
matrix suggests that both lectin media have very comparable binding efficiency as reflected
by the measured protein content, where 33% (69 μg) of the loaded protein content was
bound to matrix A, and 30% (64 μg) was bound to matrix B. These values seem realistic,
since about 50% of all proteins originating from mammalian systems are believed to be
glycosylated [1-3]. This high number accounts for all different types of glycans attached to
the studied proteins, some of which exhibit a weak affinity toward Concanavalin A lectin.
As for the total protein recovery calculated from the protein content retrieved from both
bound and unbound fractions and the amount of proteins initially loaded on a gel, 69% (147
μg) of proteins were recovered from matrix A, whereas 77% (164 μg) was recovered from
matrix B. Although both Con A-agarose gels under comparison showed somewhat similar
non-specific binding - a finding that is in rough agreement with what is commonly observed
in affinity chromatography [5-26] - a lower run-to-run variation was exhibited by matrix A
(Figure 2).

The relatively low protein recoveries observed here were mainly attributed to both sample
dialysis and strong binding of some glycoproteins to lectin media, as suggested by Bradford
protein assay (data not shown). A very limited loss was due to the latter (less than 5%).
Although the elution of residual glycoproteins that are bound strongly to the media could be
achieved using acidic elution buffer, the elution step utilized in this study was performed
according to the manufacturer's recommended protocol which is routinely employed by
many laboratories.

3.2 Qualitative proteomic evaluation
The statistical evaluation of lectin binding repeatability, which relies solely on a comparison
of the total protein content, helps to characterize the overall trapping efficiency as well as
the major sample losses caused by non-specific interactions. However, this measurement
does not indicate whether the lectin covalently attached to a chromatographic support

Madera et al. Page 5

J Sep Sci. Author manuscript; available in PMC 2013 May 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



repeatably binds a group of glycoproteins. The importance of addressing this issue is
unquestionable, since reproducible identification is vital to any subsequent quantification of
potential glycosylated biomarkers. As mentioned above, only a limited number of studies
have thus far addressed the repeatability of lectin enrichment, analyzing a very small
number of samples (n=2 or 3) [25, 39]. These studies showed the identification of proteins
with more than a 70% common occurrence in all runs. This is similar to what we observe
here.

Generally, addressing the uncertainty of protein identification and quantification in high-
throughput proteomic investigations requires statistical evaluation of a large number of
replicates. Therefore, we have extended the scope of this study to demonstrate the variation
in lectin affinity enrichment of certain glycoproteins, in addition to deducing the
repeatability of lectin binding from the total protein content determined by the Bradford
assay. The qualitative proteomic results are summarized in Table 2; they were statistically
evaluated after the removal of outliers recognized from their substantially lower number of
identified peptides. More than 50 proteins (from over 300 peptides) were identified on
average for each enrichment experiment (Table 2). The same numbers (53 proteins on
average) were observed in the bound fractions for both affinity matrixes. However, protein
identification was based on 334 and 316 peptides in case of matrix A and B, respectively.

These numbers also include proteins identified from one peptide only, which are not
commonly considered as reliable assignments. This is due to the fact that some proteins may
contain segments of identical amino acid sequence, thus eliminating the confident
assignment of these proteins. The content of proteins identified with one peptide in each
fraction was generally about 30%, which may have contributed to significant run-to-run
variations in the reported protein hits. Therefore, we only considered those proteins which
were commonly observed in all experiments. After filtering the data sets in this way, the
number of identified proteins was 31 and 30 for matrixes A and B, respectively. None of
these commonly observed proteins were identified from only one peptide, and all of them
were positively confirmed as glycoproteins, according to Expasy proteomic server at http://
ca.expasy.org/.

In general, the extent of affinity interactions toward certain glycoproteins also depends on
the amount of lectin immobilized on the surface of a matrix. Due to the current availability
of many affinity gels loaded with different amounts of lectin attached through various
coupling reactions, all experiments involved in this study were conducted simultaneously
employing two gels with different amounts of Con A loaded per unit volume of agarose. To
ensure that the same quantity of Con A participated in binding (see Materials and Methods),
a larger volume of lectin matrix B had to be used for the affinity experiments, resulting in
lower concentration of a lectin in the reaction mixture. Since a higher lectin load facilitates
the accessibility of certain glycoproteins to the binding site, more lectin immobilized on a
gel might induce stronger affinity interactions. Thus, more glycosylated components could
be theoretically found in the bound fraction. The comparison between the numbers of
glycoproteins commonly observed in the Con A-bound fractions from all experiments
performed using the two lectin matrixes is depicted in the Venn diagrams shown in Figure 3.
There are 26 glycoproteins which were commonly observed in both lectin matrixes. Only 5
unique glycoproteins were identified using matrix A, while 4 unique proteins were identified
using matrix B. This suggests a relatively consistent lectin binding to both affinity matrixes
used here, with a small variation which might be partially attributed to the difference in the
concentration of Con A bound to each matrix.
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3.3 Quantitative proteomic evaluation
Generally, a specific disease progression could be either attributed to the aberrant
glycosylation of certain glycoproteins or any significant changes in the overall expression of
particular glycoproteins. For example, the diagnosis of prostate cancer has recently been
based on monitoring the abundance of prostate-specific antigen (PSA) and the isoforms of
apolipoproteins in urine [49]. Although changes in the glycosylation of these biomarkers
were observed as a result of cancer progression [50], alterations in the concentrations of
these proteins seem to be more significant. Therefore, glycoproteomic studies employing
lectins for a selective enrichment of glycoproteins should combine both qualitative and
quantitative approaches to determine whether there is a complete loss or just a change in the
affinity of certain glycoproteins toward specific lectins. While the qualitative approach helps
to recognize substantial changes in glycosylation, quantitative studies permit the
characterization of any alterations in the abundances of respective glycoproteins in the
analyzed samples. The issue of whether or not lectins bind identified glycoproteins
quantitatively and reproducibly is thus important.

It should be stressed that the overall quantitative variation of lectin binding, in microscale
affinity enrichment and proteomics, is dependent not only on the quality of sample
preparation but also on the consistent performance of a mass spectrometer. Thus, the
quantitative evaluation of the lectin binding repeatability discussed in this section covers all
major errors introduced in a typical glycoproteomic investigation. The variations in LC-MS/
MS analyses over a long period of time, using a reliable mass spectrometer, are deemed to
be less than 10% [45]. We ensured fairly quantitative results through spiking each sample
with a constant amount of chicken lysozyme tryptic digest prior to LC-MS/MS analyses.
The intensities of peaks corresponding to extracted ion chromatograms constructed from the
lysozyme peptides were compared among all injections. The recorded data did not indicate
any significant run-to-run variations which might be attributed to a change in the
performance of our mass spectrometer (data not shown). In addition, the run-to-run
variations in signal consistency were further lowered through the implementation of the
global normalization, where the area of each peptide peak was normalized to the sum of
peak areas calculated for all peptides present in a sample [45].

The quantitative repeatability of lectin binding was evaluated for both matrixes utilizing
label-free quantitative glycoproteomics facilitated by ProteinQuant Suite software package
[45]. As mentioned above, 31 glycoproteins were commonly observed in lectin matrix A
bound fractions, while 30 glycoproteins were commonly observed in lectin matrix B bound
fractions. The amounts of identified glycoproteins were expressed as a total glycoprotein
area defined as the sum of peak areas corresponding to every peptide identified for that
glycoprotein. Since all quantified glycoproteins were reliably identified in all analyzed
fractions, it is very likely that, under the assumption of repeatable enrichment, those proteins
should generate similar numbers of peptides after enzymatic digestion. Some of these
peptides may not, however, be identified in certain fractions due to the overall sample
complexity and the duty cycle limitations of a mass spectrometer. The chromatographic
peaks for such peptides are not used in the calculation of total protein areas, thus potentially
resulting in an additional variation in the results. Therefore, rather than quantifying only
specific peptides identified in the individual samples, all peptides identified across all bound
fractions for each lectin affinity matrix were compiled together into a master file which was
then used for quantification [45, 51, 52].

All identified glycoproteins and their total areas are listed in Table 3. When we compare the
average normalized areas calculated for the same glycoproteins common in all samples, it
can be concluded that the binding of these glycoproteins to Con A is similar regardless of
the type of lectin matrix used. Normalized areas of some glycoproteins listed in Table 3 also
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correlate with their natural abundances in human blood serum. For example, alpha-2-
macroglobulin (A2MG_HUMAN), complement C3 (CO3_HUMAN), and hemopexin
(HEMO_HUMAN) which are among the most abundant glycoproteins in serum sample,
were experimentally determined as such (Table 3). The area ratios of these glycoproteins are
in agreement with their natural abundance ratios. Nevertheless, this observation cannot be
generalized, since there was no agreement between the natural abundance of other
glycoproteins and their total area determined experimentally. In fact, the quantification of
some proteins with similar natural abundances resulted in quite different normalized areas.
Hence, these discrepancies are believed to be partially due to the extent of glycosylation.
Glycoproteins with more glycosylation sites generate more proteolytic glycopeptides which
are not readily identified in MS2 (due to poor fragmentation of their peptide backbone) and,
therefore, are not quantified. When the attention is aimed at the variation of the protein areas
calculated from all carried experiments, it can be seen that the relative standard deviations
(RSD) fall within 5 to 30% for the majority of listed proteins, and in some rare cases, exceed
50 %. The high deviations in RSDs were observed only in those glycoproteins, which were
present at lower quantities in the analyzed samples, as suggested by their low number of
identified peptides. This indicates inefficient enrichment, or the presence of multiple
glycosylation sites. While, overall, the results still demonstrate binding with a generally
acceptable repeatability, these observations warrant further investigations.

Although our results demonstrate repeatable binding, it may not necessarily mean that all the
glycoproteins associated with the analyzed serum sample are completely enriched on the
lectin media. The efficiency of enrichement process is dependent on the specificity of lectin
and protein glycosylation. Some glycoproteins will always be present in both the unbound
and bound fractions. For example, Con A strongly recognizes high mannose and complex
glycan structures but has a relatively weaker affinity to acidic glycans. Therefore,
glycoprotein possessing acidic glycans will always be detected in both bound and unbound
Con A lectin affinity fractions.

The experiment-to-experiment repeatability is also expressed as the scatter plots which are
shown in Figure 4. These plots represent a comparison between the normalized protein areas
measured for the glycoproteins identified after the first run and the normalized areas
calculated for the same glycoproteins after injection 10, 20, and 30. Figure 4A depicts the
results obtained after the analysis of Con A bound fractions collected on affinity matrix A,
whereas Figure 4B illustrates the same comparison for the experiments performed with
affinity matrix B. Ideally, if the areas reflecting the abundances of glycoproteins commonly
observed in two different experiments are identical, the slope of a trend line constructed for
all acquired points will have a value of 1. As can be deduced from the slopes calculated for
each plot displayed in Figure 4, the experiment-to-experiment comparison showed only
minimal variations, and thus seems analytically acceptable.

We have also compared the quantification results acquired from all experiments performed
on both Con A agarose gels. The data listed in Table 3 did not suggest preferential binding
of identified glycoproteins to either one of the used affinity matrixes. This was further
supported by the scatter plot shown in Figure 5. The y-axis represents normalized
glycoprotein areas calculated from the analysis of data generated using matrix B, while the
x-axis depicts normalized areas for the same proteins calculated from the analysis of data
generated using matrix A. The normalized areas calculated for the same proteins observed in
two different lectin gels did not significantly differ. The slope of the linear regression trend
line is 1.078, clearly suggesting very similar binding properties of both affinity matrixes.
Furthermore, a high linearity coefficient (R2 > 0.99) shows good correlation of the amounts
of individual glycoproteins bound to the two lectin media under comparison, which also
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indicates that both media provide repeatable enrichment of the commonly observed
glycoproteins with a minimum bias.

4 Concluding Remarks
Using state-of-the-art quantitative proteomics and the Bradford assay, we have demonstrated
the repeatability and efficiency of lectin binding. Our data were recorded in 30 separate
analyses of the bound fractions collected from two lectin matrixes acquired from different
sources, showing an overall recovery of approximately 70%. Approximately 30% of all
proteins in the sample were bound to Con A (RSD < 11%), as suggested by the Bradford
assay. More than half of the identified proteins were commonly observed in all analyzed
fractions. The repeatability of lectin enrichment was demonstrated through a label-free
quantitative proteomics procedure that was aided by our recently developed ProteinQuant
suite, which allows quantification of all components identified in the analyzed samples. Our
data show that the abundances of glycoproteins found in all lectin-bound fractions, when
represented as normalized peak areas for all the identified peptides, varied with the relative
standard deviations of less than 30%. Data were comparable for both lectin matrixes
investigated in this study.

Additionally, our results indicate that lectin affinity enrichment is a suitable technique for a
repeatable enrichment of specific glycoproteins from complex biological samples, in both
qualitative and quantitative terms. However, some variations observed in the abundances of
enriched glycoproteins across all analyzed samples (RSD < 30%) have to be taken into
account, when the described approach is to be implemented in a general lectin-carbohydrate
recognition study or, more specifically, in a biomarker discovery investigation.
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Figure 1.
Experimental workflow chart.
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Figure 2.
Box graphs of the Bradford assay results for the Con A lectin affinity chromatography of the
two different affinity matrixes (A and B). The boxes represent an interquartile range
measuring the statistical distribution, the horizontal line outlines the median, and the vertical
line shows the spread(N=30).
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Figure 3.
The number of glycoproteins (A) and their corresponding peptides (B) identified in all LC-
MS/MS runs of bound fractions collected separately from all lectin enrichments using two
different affinity matrixes.
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Figure 4.
Scatter plots showing quantitative run-to-run reproducibility of LC-MS/MS analyses of Con
A bound fractions acquired through the enrichment on affinity matrix A (a,b,c) and matrix B
(d,e,f). Normalized protein areas were calculated with the ProteinQuant Suite software tool.
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Figure 5.
A scatter plot describing similar trend in binding of glycoproteins identified in all lectin-
bound fractions collected from two different affinity matrixes.
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Table 1

Experimental conditions used for the small-scale enrichment of human blood serum glycoproteins on two
different lectin affinity gels.

Lectin gel A Lectin gel B

Average amount of
immobilized lectin [mg/mL] 13 6

Volume of gel used [μL] 16 35

Binding buffer 10 mM TRIS.HCl (pH 7.5), 500 mM NaCl, 1 mM MnCl2, 1 mM CaCl2, 0.08% NaN3

Elution buffer 200 mM α-D-methylmannoside in binding buffer 200 mM α-D-methylmannoside, 200 mM α-D-
methylglucoside in binding buffer
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