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Abstract
Protein glycosylation is the most versatile and common protein modification and plays important
roles in various biological processes and disease progression. In this review, the development of
microarray technology for protein glycosylation analysis is described. Three types are discussed:
carbohydrate, lectin and natural glycoprotein microarrays. The advantages of microarray
technology to study protein glycosylation are high-volume throughput coupled with a highly
miniaturized platform. These techniques show great promise for detecting interactions that involve
carbohydrates and as a screening tool to detect glycan patterns important for the early diagnosis of
disease.

Keywords
Carbohydrate microarray; glycoprotein microarray; glycosylation; lectin; lectin microarray

Introduction
Glycosylation is perhaps the most extensive and complex form of protein post-translational
modification (PTM), characteristic of various cell surface and secreted eukaryotic proteins
[1•,2]. Both N-linked (Asn-linked) and O-linked (Ser- or Thr-linked) glycan variants, in the
form of glycopeptides, glycolipids, glycosaminoglycans, or other glycoconjugates on the
cell surface and in plasma, play important roles in various biological functions, including
immune responses and cell-to-cell interactions. Alterations in protein glycosylation, which
occur through varying the heterogeneity of glycosylation sites or changing the glycan
structures of proteins on the cell surface and in body fluids, have been shown to correlate
with the development or progression, or both, of cancer and other disease states.

Over the past decade, microarrays have emerged as an important tool for the
characterization of cancer cells and are generated by spotting the analytes on a chemically
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derivatized surface. The slides are usually probed with a detection reagent conjugated to a
fluorescent tag, which are quantified by laser scanning. Microarrays enable simultaneous
screening of multiple samples, to produce a probe-based profile of the sample. The
advantages of microarray technology include its high-throughput capacity coupled with a
highly miniaturized platform and its potential as both an analytical and diagnostic tool.

Lectins are a group of proteins or glycoproteins that have unique affinities to carbohydrates,
for example, they can reversibly and specifically interact with certain glycan structural
motifs [3]. The ability to profile diverse glycan structures present on proteins has been aided
by the availability of naturally occurring lectins and the availabilty of commercial
antibodies. In this review, the development of microarray technology for protein
glycosylation analysis is described. Three types of microarrays are discussed: carbohydrate,
lectin and natural glycoprotein microarrays. Because carbohydrates isolated from biological
systems are typically present in low amounts, miniaturized array methodology is particularly
well suited for the analysis of protein glycosylation. The advantages and potential
applications of these methodologies are discussed.

Protein glycosylation in cancer and disease
Glycans can regulate different aspects of tumor progression, including proliferation,
invasion and metastasis [4–10]. Changes in glycosylation patterns have been observed in
prostate cancer [11], colorectal cancer [12,13], and breast cancer [14]. Glycoproteins have
also provided an ideal source for discovering biomarkers for disease detection. For example,
various clinical cancer biomarkers and therapeutic targets are glycoproteins [9–14,15••],
including cancer antigen 19–9 in gastrointestinal cancer [16], cluster of differentiation 340
(Her2/neu) in breast cancer [17], and prostate-specific antigen (PSA) in prostate cancer [11].
Alterations of glycan structures observed in cancer cells include increased glycan branching
[15••,18,19•], and increased Lewis antigen expression [20]. In addition, glycosylation of
PSA secreted by the prostate tumor cell line LNCaP differs significantly from PSA present
in seminal plasma (normal control) [11]. These carbohydrate differences allow a distinction
to be made between PSA from a normal origin and that from a tumor origin and can provide
a valuable biochemical tool for diagnosis. Characterization of N-linked glycans from human
pancreatic ribonuclease 1 isolated from healthy pancreas and pancreatic adenocarcinoma
tumor cells (Capan-1 and MDAPanc-3), revealed different glycosylation patterns [6].
Furthermore, in a systematic analyses of serum concentrations of haptoglobin (Hp) and its
glycoforms in patients with hepatocellular carcinoma (HCC) and non-cancer patients with
chronic liver disease, a unique pattern of Hp glycoforms with altered sialylation and
fucosylation specific to HCC was associated with tumor progression [21]. Another common
glycan alteration observed in cancer is the truncation of O-linked glycans, particularly on
mucins [22,23].

Differentially expressed glycosylation in serum taken from patients with pancreatic cancer
has also been observed using liquid phase separation coupled with mass spectrometry (MS)
analysis [7]. These glycosylation changes in tumor-secreted proteins reflect fundamental
changes in the enzyme levels (or enzyme activities) of glycosyltransferases, such as
fucosyltransferases and mannosidases, involved in the glycosylation pathway. Increased
activity of specific glycosyltransferases (which may lead to increased expression of certain
terminal glycans such as sialic acid and fucosyl residues) or decreased mannosidase activity
(leading to decreased trimming of high mannose structures, with a corresponding increased
branching of the high mannose core), can lead to the overexpression of highly-branched
glycosylation modifications observed in cancer [24].
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Glycans are heterogeneous and diverse because of the possible combination of available
monosaccharides, linkages, branching and variable lengths of glycan chains. This diversity
combined with the difficulty in stabilizing the branched structures means that characterizing
the glycoproteome is challenging. Sugars are typically present as complex mixtures of
similar, but distinct, sequences. Since sugars cannot be replicated into large quantities for
analysis, the amount of carbohydrates present in a clinical sample are limited. Therefore,
characterization of glycosylation is challenging and time consuming and, consequently, the
development of a fast and sensitive technique is essential for glycosylation analysis in
cancer research.

The importance of lectins in the study of protein glycosylation
The strength of the binding event between lectins and carbohydrates increases with the
number of molecular interactions. In general, lectin-carbohydrate interactions are weaker
than antigen-antibody complexes and their affinity constants are in the range of Kd 10−6 to
10−7 mol/l for glycoproteins [25]. There are several major commercially available lectins,
some of which are listed in Table 1, which can be used to enrich glycoproteins with specific
glycan structures. Lectin capture strategies have been combined with other techniques, such
as MS, for the discovery of serum glycoprotein biomarkers. Hancock and coworkers
developed a multi-lectin affinity column, which combines concanavalin A (ConA), wheat
germ agglutinin (WGA), and jacalin, to capture the majority of glycoproteins present in the
sera of breast cancer patients and controls [26]. Biomarker candidates in these groups were
quantified by peak area measurements. In similar studies, Qui and Regnier utilized serial
lectin affinity chromatography for fractionation and comparison of glycosylation
heterogeneity on glycoproteins derived from human serum [27••] and Madera et al
combined silica-based lectin microcolumns with high-resolution separation techniques for
enrichment of glycoproteins and glycopeptides [28•]. In addition, a strategy was developed
to identify sialylated glycoprotein markers in human cancer serum [5]. This method
consisted of three steps: lectin affinity enrichment, liquid phase separation and
characterization of the glycoprotein markers using MS. Utilization of different lectin
columns allowed the distribution of α(2,3) and α(2,6) linkage type sialylation in cancer
serum versus that in normal samples to be determined. Using this strategy, sialylated plasma
protease C1 inhibitor was observed to be downregulated in pancreatic cancer serum [5].

Carbohydrate microarrays
Carbohydrate microarrays are developing into a standard tool to screen large numbers of
sugars and elucidate the role of carbohydrates in biological systems [29•,30,31]. Various
glycan-type structures are arrayed on a range of surface chemistries such as nitrocellulose,
glass, and dextran, followed by screening for parallel binding (Figure 1a). Covalent
attachment of chemically modified carbohydrates onto a derivatized surface, for example,
hydrazide-linked carbohydrates onto an epoxide-derivatized slide, is the most general
method for carbohydrate immobilization. Carbohydrates can also be attached by site-specific
non-covalent binding to underivatized surfaces [31]. Non-specific and non-covalent
attachment of carbohydrates on surfaces can become size-dependent [31]; therefore, targeted
methods involving derivatized slides are desirable. The interactions of different
carbohydrate structures with a wide variety of biological targets, including proteins, RNA,
viruses, and whole cells have been investigated using this technique; for example, the
profiling of carbohydrate-binding proteins [32], characterization of carbohydrate-cell
recognition [29•], as well as the detection of specific antibodies for disease diagnosis [33].
The virus receptor specificity of influenza viruses, based on the species-specific nature of
the interaction between the virus and host glycans, has also been characterized by glycan
microarray technology [34]. Seeberger and coworkers prepared carbohydrate slides to
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identify HIV vaccine candidate antigens [35], detect pathogenic bacteria [36], and determine
the binding profile of heparin-binding proteins [37]. Instead of intact glycans
‘neoglycolipids’, oligosaccharides covalently attached to lipid molecules have been used in
glycan microarrays [38]. Their advantage is that they are easier to immobilize by
hydrophobic forces on the chemical surface. These glycans can react with lectins, anti-
glycan mAbs, carbohydrate–binding cytokines or chemokines [38]. Wang et al
demonstrated that microbial polysaccharides could be immobilized on a surface-modified
glass slide without chemical conjugation, thereby allowing simultaneous detection of a
broad spectrum of antibody specificities with as little as a few microliters of serum [39].

The ability to test arrays of glycans in a single experiment would clearly increase the rate at
which lectin can be characterized. There are approximately 100 lectins with known
structures, but only half of their binding specificities are known. Glycan arrays have been
used to confirm the binding specificity of lectins and a comprehensive database of glycan
binding proteins is currently available from the Consortium of Functional Glycomics, a large
research initiative aimed at understanding the role of carbohydrate-protein interactions in
cell-cell communication [40]. The sugar-binding activity and specificity of the interactions
in novel proteins can be determined using glycan arrays [31]. Despite their involvement in
various cellular processes and ubiquitous distribution in biological systems, relatively little
is known about the function of specific carbohydrates. This lack of understanding is mainly
caused by the challenges of their chemical synthesis as well as the purification and
characterization of complex sugars.

Lectin microarrays
Alterations in carbohydrate structure of glycoproteins are known to be related to cellular
regulation and tumor growth. Although carbohydrate arrays yield valuable data on
carbohydrate-interacting proteins, they do not allow direct assessment of changes in
glycosylation. Other technologies available for glycan analysis, such as chromatography and
MS, tend to be time consuming and less suitable for high-throughput and systematic
evaluation of protein glycosylation. Although detailed information on glycan structures may
be obtained using MS, a higher level of expertise is required for the time-consuming data
analysis. For these reasons, the use of lectins in an array format has gained increased interest
(Figure 1b). Studies utilizing lectin arrays have focused on assessing the specificity of lectin
binding to carbohydrates and have been useful in determining the most appropriate lectins
for glycoprotein enrichment as well as for the removal of undesirable glycoproteins [41].
Lectin microarrays can also provide a rapid and simple analysis of protein glycosylation,
although all glycans in a complex sample can not be detected and complete structure
assignment is not provided. This technology is based on binding of intact glycoproteins or
glycopeptides to the arrayed lectins, resulting in a characteristic fingerprint that is highly
sensitive to changes in a protein’s glycan composition. Hsu et al described a lectin array
protocol for high-throughput evaluation of cell-surface microbial sugars [41]. The binding
patterns of fluorescent bacteria to these arrays provided a simple method to fingerprint
bacteria based on their surface carbohydrates. A beneficial aspect of lectin arrays is that the
large number of lectins, each with their specific recognition pattern, is highly sensitive to
changes in the glycosylation pattern [42]. Yamada and Hirabayashi and colleagues have
developed a lectin microarray procedure based on an evanescent-field fluorescence detection
principle, allowing sensitive, real-time observation of multiple lectin-carbohydrate
interactions [43,44]. Quantitative measurements of lectin-carbohydrate interactions and
specific signal patterns for various cyanine 3-labeled glycoproteins, glycopeptides and
tetramethylrhodamine-labeled oligosaccharides were determined using this platform [43,44].
Rosenfeld et al have also described a lectin array-based method using Qproteome
GlycoArray kits for rapid analysis of glycosylation profiles of glycoproteins [45].
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Although lectin arrays and carbohydrate arrays provide valuable data on carbohydrate-
interacting proteins and lectin-glycoprotein interactions, they do not allow whole
glycoproteomes to be screened in a manner that enables both changes in an individual
protein’s glycan expression within that glycoproteome and changes in overall glycoprotein
patterns to be investigated.

Glycoprotein microarrays
Protein microarrays can be utilized to screen whole cell lysates [46], fractionated proteomes
and antigen-antibody reactions [47]. Unlike oligonucleotides, proteins are broadly
heterogeneous in size, shape and chemistry. To optimize the quality of data obtained,
choosing the surface with best signal-to-noise ratio is critical. Glass-coated surfaces with
specific chemical functionalities are popular as background fluorescence is eliminated [48].
Deposition of proteins on the surface, such as an epoxide-coated surface, results in covalent
linkage of the proteins to the glass. Nitrocellulose slides are among the most popular
substrates because of their low cost; the ultra-thin nitrocellulose layer provides a lower
fluorescence background, while maintaining the binding capacity [48]. Angeloni et al
developed thin film-coated photoactivatable surfaces (dextran-coated glass slides) suitable
for covalent immobilization of glycans, glycoconjugates, and lectins in microarray formats
[49]. Standard glycoproteins were covalently immobilized and exposed glycans were
successfully profiled with lectins for fucose, sialic acid and galactose. These platforms were
also suitable for glycans and lectin immobilization, which demonstrates the feasibility of
such microarray platforms for biomolecule binding and illustrates the versatility of
microarray-based tools for different applications [49].

Antibodies have also been utilized to target and study cancer-associated carbohydrates, such
as Lewis blood-group structures [50,51]. Chen et al developed a method to allow the
efficient, multiplexed study of glycans on individual proteins from complex mixtures using
antibody microarray capture of multiple proteins followed by detection with lectins or
glycan-binding antibodies [52•]. Following capture of specific proteins from biological
samples by immobilized antibodies, a biotinylated lectin was used to bind glycans on the
captured proteins. Chemical derivatization of the glycans on the spotted antibodies
prevented lectin binding to those glycans. By profiling both protein and glycan variation in
multiple samples using parallel sandwich and glycan-detection assays, cancer-associated
glycan alterations were identified on the proteins mucin 1 and carcinoembryonic antigen in
the serum of patients with pancreatic cancer. The multiplexed detection of glycans on
specific proteins allowed the use of small sample amounts and high-throughput sample
processing [52•].

One promising strategy is the use of multidimensional fractionation techniques to simplify
cell lysates into less complex fractions, which can be used to produce natural glycoprotein
microarrays (Figure 1c) [19•]. Briefly, cellular proteins from a cancer cell line are first
resolved by iso-electric point-based fractionation using chromatofocusing or isoelectric
focusing. Each fraction is then separated using reversed-phase (RP)-HPLC; the fractionated
proteins are lyophilized, resuspended in a suitable buffer, and printed onto a nitrocellulose-
based microarray. The protein microarray is then screened using sera or a modification-
specific detection reagent. This technique was used to study the humoral response and
identify potential serum biomarkers for prostate cancer; specific fractions were
immunoreactive against prostate cancer serum, but not against serum from healthy
individuals [46].

Based on the natural protein microarray approach, a method for global analysis of
glycosylation patterns and detection of glycosylation alterations in cancer serum has been
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developed [19•]. This strategy used an all-liquid phase enrichment and pre-fractionation
methodology coupled to glycoprotein microarray technology and a multiple lectin-based,
biotin-streptavidin detection scheme. Selective detection of glycan structures was made
possible by utilizing multiple lectins to screen serum samples for glycoproteins from normal
individuals or patients with chronic pancreatitis or pancreatic cancer. The general strategy is
shown in Figure 2, where a complex serum sample was first depleted of the top twelve most
abundant proteins in human serum, using an antibody column, to facilitate detection of
proteins present in lower concentrations. Glycoproteins were then enriched from depleted
fractions using a dual-lectin column that contained lectin ConA and WGA. ConA recognizes
N-linked mannose, including high-mannose-type and mannose core structures, and WGA
recognizes terminal N-acetylglucosamine (N-GlcNAc). By using these two broad specificity
lectins, the entire pool of glycoproteins could potentially be isolated. The glycoprotein pool
was further fractionated by one-dimensional or two-dimensional liquid phase separation,
such as isoelectric focusing, coupled with RP-HPLC. The purified glycoproteins were then
spotted onto nitrocellulose slides and probed with multiple biotinylated lectins followed by
streptavidin conjugated to a fluorescent tag. The five lectins used and their specificities are
listed in Table 1. Both maackia amurensis lectin (MAL) and sambucus nigra lectin (SNA)
recognize sialic acid on the terminal branches. While SNA binds preferentially to sialic acid
attached to terminal galactose in an (α-2,6) and, to a lesser degree, an (α-2,3) linkage, MAL
detects glycans containing N-acetylneuraminic acid-Gal-N-GlcNAc with sialic acid at the 3-
position of galactose. In contrast, peanut agglutinin binds desialylated exposed galactosyl
(α-1,3) N-acetylgalactosamine. Aleuria aurantia lectin (AAL) recognizes fucose linked
(α-1,6) to N-GlcNAc or (α-1,3) to N-acetyllactosamine. The combination of these five
lectins covers the majority of N-linked glycan types identified and differentiates them
according to their specific structures. The printed glycoproteins were incubated with
biotinylated lectins for binding and the bound biotinylated lectins were subsequently
detected with streptavidin conjugated to AlexaFluor555. The biotin-streptavidin interaction
is highly specific and the use of a sandwich-type detection scheme improved the signal to-
noise ratio significantly.

The specificity, reproducibility and sensitivity of this strategy were assessed using five
standard glycoproteins: fetuin, asialofetuin, thyroglobulin, ribonuclease B, and transferrin
[19•]. The images obtained when slides were probed with each of the lectins are shown in
Figure 3a [19•]. These data correlated well with reported glycan structures corresponding to
the standard glycoproteins used in this study (Figure 3b) [19•]. Detection sensitivity was
approximately 5 fentomoles and the variance was within 10% as determined by nine
replicate spotting events for each standard protein. This method has been applied to the
glycosylation profiling of sera from patients with pancreatic cancer, colon cancer and
esophageal cancer [53,54]. Data shown in Figure 4 demonstrate its utility for biomarker
detection in pancreatic cancer [53].

Figure 4 shows a scanned image of the levels of glycosylation detected by the 5 lectins in an
HPLC fraction derived from 10 normal, 8 pancreatitis and 6 pancreatic cancer serum
samples [53]. The normalized glycoprotein microarray responses to lectins were visualized
by principal component analysis (PCA). Figure 5 shows the response to AAL lectin, which
binds to fucosylation sites and generally distinguishes the three clinical groups. Pancreatic
cancer samples clustered further away from normal samples compared with chronic
pancreatitis, especially in response to fucosylation and sialylation. Altered glycosylation
patterns were observed in individual proteins such as hemopexin, antithrombin III and
kininogen 1 in pancreatic cancer sera (p < 0.05). The advantage of this strategy is that the
differential response can be tracked back to the original fraction from which the spot
originated. Combined with chromatographic separation, MS, and other characterization
techniques, the target glycome could potentially be fully defined. The altered glycosylation
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was determined using a combination of Western blotting and MS. The results from peptide
mapping and Western blotting experiments confirmed the observations made in the
glycoprotein microarray experiments. For example, elevated sialylation of a specific
glycosylation site was detected on Hp-related protein by peptide mass mapping and
increased fucosylation was detected by the lectin-blotting experiment [53]. These data are
consistent with the microarray study in which both elevated levels of fucosylation and
sialylation were observed in pancreatic cancer serum.

Therefore, protein glycosylation screening analysis may allow the detection of alterations in
protein glycosylation in samples from patients with different clinical conditions. This
includes not only alterations in absolute protein levels, but, importantly, changes in PTMs,
such as glycosylation, which could suggest the presence or absence of disease. The ability to
rapidly and sensitively screen protein glycosylation patterns and detect glycosylation
alterations may provide an efficient method to screen patients for cancer, such as pancreatic
cancer and possibly other cancers.

Conclusions
The microarray system enables the investigation of various types of binding events. The
advantage of microarray technology is attributed to the high-throughput, highly miniaturized
platform and the small amount of sample required for the investigation of a broad range of
possible binding partners. Therefore, this technique is highly suited for probe-based
profiling of multiple samples. Alterations in the carbohydrate structure of glycoproteins can
be detected by probing the arrayed carbohydrate or glycoprotein with lectins or antibodies.
Lectin/antibody microarrays provide rapid glycosylation pattern analysis with moderate
structural information, but are limited by the number of lectins or antibodies available. As a
new discovery tool for biomarkers and a potential diagnostic tool, glycoprotein microarrays
provide the ability to screen a multitude of naturally occurring glycosylations in a single
experiment. Furthermore, this method is not limited by the complexities of carbohydrate
synthesis and the availability or high cost of antibodies. A variety of applications and
platform designs of microarrays are currently under development and additional
improvements in selectivity, reproducibility and sensitivity are expected to enable improved
characterization of glycosylation and related biological effects and lead to the discovery of
novel biomarkers.
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Figure 1. Different array formats for glycosylation studies
(a) Carbohydrate/glycan microarrays. Multiple different glycan structures are arrayed on
slides and probed with a variety of biological molecules to determine glycans’ interaction
characteristics. (b) Lectin microarrays. A variety of lectins are spotted on array surfaces to
assess their binding affinities as well as to distinguish the binding characteristics of the
lectins with different probing media. (c) Glycoprotein microarrays. Antibodies or naturally
occurring glycoproteins are arrayed on slides which are then probed with lectins to assess
the glycan structures on these proteins.
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Figure 2. Experimental strategy for the study of serum glycoproteins
Proteins in serum samples are first depleted (top-12 protein depletion) to remove abundant
proteins. The sample is then enriched for N-linked glycoproteins using a dual-lectin affinity
column. Glycoproteins are resolved on a non-porous silica reversed-phase high-pressure
liquid chromatography (RP-HPLC) column. Resulting fractions are arrayed or spotted onto
nitrocellulose slides via a non-contact piezoelectric arrayer, after which the slides are probed
for specific glycan structures utilizing biotinylated lectins on a glycoprotein microarray.
Scanned images of the lectin-glycoprotein interaction are visualized by secondary detection
with streptavidin conjugated to a fluorescent probe. AAL aleuria aurantia, ConA
concanavalin A, IEF isoelectric focusing, MAL maackia amurensis II, PNA peanut
agglutinin, SNA sambucus nigra (elderberry) bark.
(Reprinted with permission from Zhao J, Patwa TH, Qiu W, Shedden K, Hinderer R, Misek
DE, Anderson MA, Simeone DM, Lubman DM: Glycoprotein microarrays with multi-lectin
detection: Unique lectin binding patterns as a tool for classifying normal, chronic
pancreatitis and pancreatic cancer sera. J Proteome Res (2007) 6(5):1864–1874. © 2007
American Chemical Society) [53].
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Figure 3. Glycoprotein microarray proof-of-concept experiment utilizing glycoprotein standards
(A) Scanned images of printed standard glycoproteins (AAL aleuria aurantia, ConA
concanavalin A, MAL maackia amurensis II, PNA peanut agglutinin, SNA sambucus nigra
[elderberry] bark) probed with various lectins [19•]. Each section contains a standard
glycoprotein stated to the right of the section in a dilution series from 2 mg/ml to 0.025 mg/
ml. Each dilution was printed as 9 replicates in a 3 × 3 block. (B) Glycan distribution (x-
axis) on standard glycoproteins printed at a concentration of 1 mg/ml. Levels are represented
by fluorescence response on the y-axis.
(Reprinted with permission from Patwa TH, Zhao J, Anderson MA, Simeone DM, Lubman
DM: Screening of glycosylation patterns in serum using natural glycoprotein microarrays
and multi-lectin fluorescence detection. Anal Chem (2006) 78(18):6411-6421. © 2007
American Chemical Society).[19•]
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Figure 4. Sample microarray image demonstrating quality of lectin response
Sections of a glycoprotein microarray in which a peak obtained from non-porous silica
reversed-phase high-pressure liquid chromatography column separation is compared across
all 24 samples [53]. The lectin probes are shown on the left side of the panel and each panel
represents a section from similarly printed arrays. The predominant protein modifications
identified in this fraction are mannosylation and fucosylation. AAL aleuria aurantia, ConA
concanavalin A, MAL maackia amurensis II, PNA peanut agglutinin, SNA sambucus nigra
(elderberry) bark.
(Reprinted with permission from Zhao J, Patwa TH, Qiu W, Shedden K, Hinderer R, Misek
DE, Anderson MA, Simeone DM, Lubman DM: Glycoprotein microarrays with multi-lectin
detection: Unique lectin binding patterns as a tool for classifying normal, chronic
pancreatitis and pancreatic cancer sera. J Proteome Res (2007) 6(5):1864-1874 © 2007
American Chemical Society) [53].
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Figure 5. Principal component analysis data illustrating similarity between samples used
Principal component analysis was used to visualize the normalized glycoprotein microarray
responses to the lectin AAL [53]. The following serum samples were evaluated: 6 pancreatic
cancers, 8 chronic pancreatitis and 10 normal. AAL aleuria aurantia.
(Reprinted with permission from Zhao J, Patwa TH, Qiu W, Shedden K, Hinderer R, Misek
DE, Anderson MA, Simeone DM, Lubman DM: Glycoprotein microarrays with multi-lectin
detection: Unique lectin binding patterns as a tool for classifying normal, chronic
pancreatitis and pancreatic cancer sera. J Proteome Res (2007) 6(5):1864-1874. © 2007
American Chemical Society) [53].
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Table 1

Biotinylated lectins used for glycan detection and their specificities.

Biotinylated lectin Glycan structure detected

ConA α-Linked mannose

MAL Sialic acid in an (α-2,3) linkage

AAL Fucose linked (α-1,6) to N-acetylglucosamine or to Fucose linked (α-1,3) to N-acetyllactosamine

SNA Sialic acid attached to terminal galactose in (α-2,6), and to a lesser degree, (α-2,3), linkage

PNA Galactosyl (β-1,3) N-acetylgalactosamine

AAL aleuria aurantia, ConA, concanavalin A, MAL maackia amurensis II, PNA peanut agglutinin, SNA sambucus nigra (elderberry) bark.

(Reprinted with permission from Patwa TH, Zhao J, Anderson MA, Simeone DM, Lubman DM: Screening of glycosylation patterns in serum
using natural glycoprotein microarrays and multi-lectin fluorescence detection. Anal Chem (2006) 78(18):6411-6421–2007 American
Chemical Society) [19•].
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