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Lectins are a diverse group of carbohydrate-binding proteins. Each lectin has its
own specificity profile. It is believed that lectins exist in all living organisms that
produce glycans. From a practical viewpoint, lectins have been used extensively in
biochemical fields including proteomics due to their usefulness as detection and
enrichment tools for specific glycans. Nevertheless, they have often been under-
estimated as probes, especially compared with antibodies, because of their low
affinity and broad specificity. However, together with the concept of glycomics, such
properties of lectins are now considered to be suitable for the task of ‘profiling’ in
order to cover a wider range of ligands. Recently there has been rapid movement in
the field of proteomics aimed at the investigation of glycan-related biomarkers. This
is partly because of limitations of the present approach of simply following changes
in protein-level expression, without paying sufficient attention to the fact and effects
of glycosylation. The trend is reflected in the frequent use of lectins in the contexts
of glycoprotein enrichment and glycan profiling. However, there are many aspects to
be considered in using lectins, which differ considerably from antibodies. In this
article, the author, as a developer of two unique methodologies, frontal affinity
chromatography (FAC) and the lectin microarray, describes critical points concern-
ing the use of lectins, together with the concept, strategy and means to achieve
advances in these emerging glycan profiling technologies.
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Abbreviations: CE, capillary electrophoresis; FAC, frontal affinity chromatography; ITC, isothermal
calorimetry; LC, liquid chromatography; LOD, limit of detection; MS, mass spectrometry; RI, radioisotope.

CURRENT STATUS OF UNDERSTANDING ABOUT
GLYCANS

‘Glycomics’ is an emerging field in the post-genome/
proteome era, which is directed toward not simply
structural identification, but also to the elucidation of
glycan functions in particular biological phenomena,
including cell–cell interaction events, such as differentia-
tion, development, morphogenesis, embryogenesis, immu-
nity, infection and tumourigenesis including metastasis
(1–5). This emergence is a quite reasonable consequence
considering the fact that all living organisms comprise
cells, which are, with no known exceptions, covered
abundantly with diverse forms of glycoconjugates (6).
It is an unavoidable fact in proteomics that >50% of
proteins expressed in eukaryotes are glycosylated (7),
and thus, it is logical to include the study of glycosylation
in individual fields of biology.

In the light of recent research, glycans should no
longer be considered less important than nucleic acids
and proteins, which have been favoured traditionally.

In many instances the ultimate biological recognition
processes have been shown to be mediated by glycans.

Similarly, glycomics should be considered to be just as
important as genomics and proteomics.

BASIC APPROACHES TO STRUCTURAL GLYCOMICS

The most fundamental issue of glycomics is resolving
what structural approaches to adopt for these highly
heterogeneous and complex molecules having multiple
branches and linkage isomers. Moreover, glycans are
usually attached to either proteins or lipids in the form of
glycoconjugates. These are the basic reasons why there is
still no established procedure for automated glycan
synthesis and glycan sequencing. Currently, glycans are
probably best characterized in a ‘matching manner’ with
respect to authentic standards. This type of structural
analysis is referred to as ‘glycan profiling’. In general,
glycan profiling requires speed, sensitivity and high-
throughput, rather than time-consuming laborious struc-
ture determination. Although there is a conventional
method for de novo determination of complete covalent
structures, e.g. permethylation analysis, much faster and
highly sensitive alternatives for purposes of glycan
profiling are eagerly awaited (8–12).

There are four key technologies available for glycan
profiling (Fig. 1). The first method introduced in this
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field is multi-dimensional liquid chromatography (LC),
which is usually coupled with prior labelling with
a fluorescence reagent, typically 2-aminopyridine (13).
The method was first established for neutral N-linked
glycans as 2-D mapping (14) and later for those including
acidic glycans as 3-D mapping (15). The separation
principle is based on differences in the chemical struc-
tures of glycans; i.e. in normal-phase (hydrophilic
interaction) chromatography the separation substantially
depends on the size of each glycan (roughly, the number
of hydroxyl groups), while in reversed-phase chromatog-
raphy the separation is based on the hydrophobicity of
each glycan, though the actual mechanism is much more
complex. For acidic glycans, anion-exchange chromatog-
raphy is used as the third mode of separation. The
method is basically applicable to all kinds of glycans once
they are pyridylaminated, and has proved to be able to
discriminate >500 glycans. It should also be mentioned
that the method is indispensable for preparative
purposes, and that coupling with conventional glycosi-
dase treatments is highly effective. As a significant
defect, the method requires a relatively long time for
each chromatographic analysis (>30 min), and thus has
in general low throughput.

The second approach is mass spectrometry (MS). This
powerful technique is an aspect of advanced biotechnol-
ogy. Its applicability to complex glycans was first
achieved by the development of a tandem MS technique,
generally called MSn (10–12, 16–19). Since individ-
ual glycans tend to show a characteristic degradation
pattern, they are effectively differentiated usually in the
process of up to MS3 or MS4. Essentially, each MS
experiment provides only a set of m/z values, which
explain theoretically possible composition in terms
of elementary saccharides, e.g. hexose (Hex, m/z= 162),
N-acetylhexosamine (HexNAc, m/z= 203), deoxyhexose
(dHex, m/z= 142) and N-acetylneuraminic acid

(NeuAc, m/z= 291). Thus MS analysis only affords
possible combinations of Hex/HexNAc/dHex/NeuAc, and
therefore cannot alone reveal component saccharide
identities. Nevertheless, the method is highly useful for
both confirmation and estimation of glycan structures
including glycosaminoglycans (20–22). The method is,
first, superior in its accuracy (resolution). However,
its practice needs, at least at the present level, pre-
treatments (i.e. liberation of glycans from protein and
lipid and subsequent modification with an appropri-
ate labelling reagent, such as 2-aminopyridine). Direct
application to clinical samples will require great
improvements. It should also be noted that MS is utilized
only for detection, not for preparative purposes.

The third approach, capillary electrophoresis (CE) is
based on a different separation principle from the ones
described previously (23–25). Compared with multi-
dimensional LC, CE has advantages in speed and
sensitivity, while the method is used, together with
MS, predominantly for analytical purposes. Considering
the extremely high number of theoretical plates
(e.g. >100,000) and speed of CE, it seems likely that
multi-dimensional LC could well be substituted by multi-
dimensional CE. From a practical viewpoint, however,
coupling of multiple separation modes is of practical
difficulty, because the method usually deals with an
extremely small volume of analyte solution (i.e. nl level)
though recent advances in CE technology enables
combination of a CE device with an MS detector system
(i.e. CE–MS; 26).

The final approach is to use lectins for structural
analysis of glycans (27). This approach is rather excep-
tional considering that the other approaches are based on
established separation sciences, and have already been
utilized in various fields of life science. In this context,
these approaches are simple applications to structural
glycomics. On the other hand, this final approach,
described in most detail in this mini-review, utilizes
special tools, i.e. lectins. Lectins have long been used for
detection and purification of glycans in various research
areas (28). Attempts to separate various types of glycans
have been elaborated in several groups (29–31). However,
practical use of lectins had never been achieved before
a highly quantitative, sensitive and rapid analytical
method emerged in the form of reinforced frontal affinity
chromatography (FAC; 32–37), of which the principle and
theory were originally derived by Kasai (38). FAC
provides values for the strength of binding between
analyte (glycan) and ligand (lectin) [the latter being
immobilized on a matrix gel (e.g. agarose)] in terms of
a dissociation constant (Kd) or an affinity constant (Ka),
where Kd = 1/Ka. Since the recently developed system for
automated FAC (39–42) enables 100 analyses per day,
systematic data on lectin sugar-binding specificity may
be accumulated rapidly (36, 37, 39, 43–52) and lectin
specificity can now be discussed in terms of Kd in a more
systematic manner than ever.

LECTIN MAKES A TREND IN STRUCTURAL GLYCOMICS

Consistent with such a trend to utilize a variety of
lectins, an increase in the number of papers dealing

LC-MS

(2D-mapping)
LC

CE Affinity
(FAC)

FAC-MS

Affinity-CE

CE-MS

MS

Fig. 1. The four major separation technologies for struc-
tural glycomics: MS (mass spectrometry), LC (liquid
chromatography), CE (capillary electrophoresis) and
affinity techniques (FAC, frontal affinity chromatogra-
phy). Appropriate combinations of these techniques have
also been developed, such as LC–MS, FAC-MS, affinity-CE
and CE–MS.
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with lectins is a feature in the field of proteomics in
the last few years (Fig. 2). As of January 27, 2008,
PubMed (http://www.ncbi.nlm.nih.gov/sites/entrez?db=
pubmed) hits with the query ‘glycomics OR glycome’
total 214, among which those with ‘lectin’ terminology
account for as many as 55 (26%). As can be seen from
Fig. 1, the increase in ‘Lectin/Glycomics’ papers is
obvious in the last 4 years. This trend runs parallel to
the development of an automated FAC machine (desig-
nated FAC-1; 27), which appeared immediately after
the first statements using the term ‘glycome’ around the
year 2000 (53–56). It is noteworthy that the concept
‘proteome’, which was first presented by Wasinger (57),
was accompanied with the supporting technologies to put
forward the practical approach, i.e. separation of proteins
by 2D-polyacraylamide gel electrophoresis followed by
structural identification by MS. The same situation
should be applied to glycomics, which is performed with
the four basic technologies described previously—LC, CE,
MS and lectin-affinity. However, as lectin-affinity is an
emerging technology, rapid advances can be expected in
its sensitivity, resolution, reproducibility and applica-
tions (e.g. combinations with other methodologies).

So far, a number of lectins derived from diverse origins
have been identified, which show a variety of carbohy-
drate-specificities in their biological contexts. Lectin is
a technical term for ‘select’ in Latin, and in its generally
accepted definition—‘a protein which shows affinity to
a group of carbohydrates’. Any such protein, which had
previously been categorized as some other functional
protein (such as enzyme, receptor and cytokine) is
entitled to become a new lectin, if its sugar-binding
ability can be demonstrated.

METHODS FOR INTERACTION ANALYSIS OF LECTINS
AND GLYCANS: A BASIS OF LECTIN STUDY

Since the use of lectins assumes their specific recognition
of some glycans, separation technologies based on lectin
affinity should be properly evaluated, considering both
their merits and demerits, e.g. sensitivity, resolution,
reproducibility, speed, throughput, feasibility, etc. Major
analytical methods so far reported are listed in Table 1.
First, the method requires accuracy in the determination
of affinity strength between lectins and glycans with

Table 1. Quantitative methods to determine Kd for lectin-
carbohydrate interactions.

Methods Examples of analyses Ref

Equilibrium
dialysis

ConA and PA-oligosaccharides (58)

FAC-RIa ConA and ovalbumin N-glycans (59)
FAC-FDb Galectins and PA-oligosaccharides (36)

mJRLs and PA-oligosaccharides (48)
FAC-MSc Chorela toxin and ganglioside series

derivatives
(60)

Galectin-3 and lacto-N-biose libraries (61)
ITCd Galectins and synthetic glycans (62)

Artocarpin and deoxytrimannoside derivatives (63)
SPRe C-type macrophage lectin and glycopeptides (64)

Plant lectins and asialofetuin glycopeptide (65)
Galectin-4 and glycosphingolipids (66)

FPf Galectins and their inhibitors (67)
aFrontal affinity chromatography-radio isotope detection method.
bFrontal affinity chromatography-fluorescence detection method.
cFrontal affinity chromatography-mass spectrometry detection
method. dIsothermal calorimetry. eSurface plasmon resonance.
fFluorescence polarization.
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Fig. 2. Results of a PubMed search for papers dealing with
lectin, glycomics and frontal affinity chromatography
(FAC). Note that after the glycome concept was presented in

1998 the number of lectin/glycomics papers published shows
a rapid increase in association with the increase in FAC/
fluorescence papers.
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satisfactory throughput and speed. For the latter two
requirements, equilibrium dialysis and isothermal calori-
metry (ITC) may not be adequate, though these methods
may be used to determine reliable affinity constants (Ka)
or dissociation constants (Kd). Among the remaining
methods in Table 1, FAC has a range of methods for
detection; i.e. radioisotope (RI; 59), MS (60) and fluo-
rescence (FD). For FAC-RI, however, N-glycans must
be radio-labelled, e.g. with NaB[3H]4. Similarly, for
FAC-MS, modification of glycans with an appropriate
alkyl reagent is necessary to increase ionization effi-
ciency in MS. On the other hand, FAC-FD with pyridy-
laminated (PA)-glycans enables both efficient separation
and high-sensitivity detection in LC. In this context,
PA-glycans are particularly suited for FAC-FD in that
they afford not only sufficient sensitivity (<1 pmol/
analysis) but also high reliability and reproducibility,
because the labelled glycans show no detectable non-
specific adsorption on the resin on which lectins are
immobilized.

FAC-FD enables precise determination of interactions
in terms of Kd between lectins and glycans in a highly
systematic manner. Thus, the method provides us with
extensive data regarding lectin specificity. Since Kd

(or Ka) values are inherent to individual lectin–glycan
combinations at any given temperature, they are
fundamental knowledge essential for development of
a lectin-based glycan profiling system (to be described
subsequently) as well as for understanding lectins from
a global viewpoint. At present, we are convinced that
the use of lectins is advantageous over antibodies for
the purpose of glycan profiling for the following reason:
glycan structures are extremely diverse. Though it is
difficult to determine an actual size of the glycome for
each biological species, it would certainly exceed the
order of 103–104. Therefore, it is almost impossible to
prepare a set of antibodies strong and specific enough
to detect the glycome from a practical viewpoint. Anti-
carbohydrate antibodies, if any, do not seem to cover
a full spectrum of the glycome. On the other hand,
legume lectins, for example, are well-known to have
a wide range of binding specificities for N-glycans (both
high-mannose-type and complex-types with and without
sialic acid), O-glycans and glycolipid-type glycans.
In contrast to antibodies, lectins show generally much
weaker binding affinities (i.e. in terms of Kd, 10–3 to
10–7 M) compared with the known affinities of anti-
bodies (10–6 to 10–9 M). This is a consistent feature
of bio-molecules (Fig. 3): the higher the specificity of
a bio-molecule, the higher its affinity. On the other hand,
lower specificity is suitable for the sake of glycan
profiling, because it requires for the first place ‘coverage’.
Because most lectins show cross-affinity to structurally
related glycans to different extents, a set of lectins would
be expected to cover a much wider range of structures
than a set of antibodies (Fig. 4). It is not necessarily true
that some specific lectins discriminate closely related
structures; e.g. Lewis x (Galb1-4 (Fuca1-3) GlcNAc) and
Lewis a antigens (Galb1-3 (Fuca1-4) GlcNAc). In fact,
these structural isomers were successfully differentiated
by the combination of Bauhinia purpurea lectin known
as BPA and Ulex europaeus isolectin-1 (UEA-1), neither
of which is a specific probe for these Lewis antigens (68).

This unexpected result typifies the characteristics of
lectin-based glycan profiling.

In the following two sections, the author describes two
profiling methodologies which have been investigated
and improved in our laboratory.
Frontal Affinity Chromatography—The first method

to be addressed is FAC-FD. Since the original theory
of FAC (38) as well as recent improvements using
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Fig. 3. A schematic diagram to demonstrate lectin and
antibody performance. In general, antibodies show a high
specificity and affinity toward their antigen, while lectins show
much less specificity and affinity toward their counterpart
(carbohydrate) ligand. The former provides the best character-
istics for specific detection and probing in different biochemical
scenarios, whereas the latter is more suitable for glycan
profiling and differentiation purposes in glycomics.
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Fig. 4. Schematic diagram to show the concept of
glycan profiling in particular comparison with specific
detection means using antibodies. In general, lectins show
a range of affinities to a wide variety of glycans, and thus,
have wide epitope coverage to glycans. This unique property,
however, is superior for the sake of glycan profiling aiming
at comprehensive characterization of glycosylation features of
glycoproteins, cells and tissue extracts as well as body fluids.
Also note that lectins are considered to function in vivo in
various biological situations as glycan decipherers.
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PA-glycans (32–37) and an automated machine (40–42)
have already been described, only the essence is
mentioned in this mini-review. The basic equation of
FAC is:

Kd ¼
Bt

V � V0ð Þ
� A½ �0 ð1Þ

where Bt is an effective ligand content (expressed in mol)
of a lectin-immobilized column, V and V0 are elution
front volumes of analyte and a control substance,
respectively, and [A]0 is the initial concentration of the
analyte (PA-glycans in this case).

The recently developed automated machine (FAC-1) is
equipped with a pair of capsule-type miniature columns
(each 2.0 mm in diameter and 10 mm in length, 31.4ml
bed volume) in line with a fluorescence detector
(Shimadzu RF10AXL: for more details, see 40–42).
Typical conditions are as follows: analytical speed,
5 min/analysis; sample requirement, 0.3–1.0 ml of
PA-glycan solution (5–10 nM); resolution (experimental
error), 3–5ml in V–V0. In most cases, Kd values for lectins
and glycans (10–3 to 10–7 M) are much larger than [A]0

(5–10� 10–9 M). Hence, Eq. 1 can be simplified to Eq. 2:

Kd ¼
Bt

V � V0ð Þ
ð2Þ

As Eq. 2 does not include [A]0, interaction experiments
avoid experimental errors attributed to PA-glycan con-
centration. This is a basic reason why FAC is able to
provide precise data with sufficient reproducibility and
reliability.

To summarize the merits of FAC-FD:

1. Clarity of the principle essentially based on
Langmuir’s adsorption principle.

2. Applicability to even weak interactions such as those
between lectins and glycans.

3. Requirement for a low analyte (e.g. PA-glycan)
concentration (5–10 nM).

4. Suitability to systematic and high-throughput
analysis (a series of Kd’s can be obtained once Bt is
fixed).

5. Accuracy and reproducibility due to simple isocratic
elution as well as independence from [A]0 by Eq. 2.

6. Simplicity of the apparatus basically consisting of an
isocratic elution system.

To our knowledge, FAC-FD is the only available
method for the quantitative determination of lectin
specificity (i.e. not in terms of relative values such as
I50 in the haemagglutination assay and enzyme-linked
assay, but of absolute values, i.e. Kd or Ka) with a full
panel (>100) of oligosaccharides. Lectin-glycan interac-
tions determined so far number as many as 20,000.
Approximately 200 lectins have been analysed for inter-
action with 100 glycans, among which 12,000 interac-
tions were determined in terms of Kd. A global view of
the interaction analyses so far achieved is given in Fig. 5.

On the other hand, the method has the following
potential drawbacks:

1. Immobilization of lectins to the matrix (gel)
might result in modification (reduction) of their

binding properties. This is particularly the case for
sialic acid-binding lectins which have lysine residue(s)
in their active site. Appropriate immobilization meth-
ods other than the amino-coupling method usually used
for immobilization can improve this problem.

2. Even using a miniature column (2� 10 mm, 31.4ml),
a relatively large amount of lectins—(e.g. approxi-
mately 500mg) is required for completion of the
analysis.

3. Crude samples (glycans) cannot be analysed. Unlike
FAC-MS, mixed samples cannot directly be analysed.

4. For the determination of Bt, only a limited repertoire
of saccharide derivatives having a UV-sensitive group
(e.g. p-nitrophenyl, p-methoxyphenyl, Methotrexate)
is available.

As a result of comprehensive interaction analysis using
approximately 200 lectins and 100 glycans, systematic
elucidation is made for most lectins in terms of Kd,
whereas it is not possible, at the moment, to determine
Kd of some lectins, because Bt values cannot easily be
obtained due to the lack of appropriate sugar derivatives
(e.g. p-nitrophenyl derivative) required for concentration-
dependency analysis to calculate Bt. Even in the latter
case, however, relative affinity can be discussed accord-
ing to Eq. 2 (Ka proportional to V–V0). Another impact of
the FAC analysis is re-investigation of lectin specificity:
this is represented by a GlcNAc-binding plant lectin from
Grifornia simplicifonia, GSL-II, for which the detailed
sugar-binding specificity has not been elucidated.
Recent FAC analysis revealed that GSL-II recognizes,
in a highly specific manner, a GlcNAc residue trans-
ferred by the action of GlcNAc transferase IV (47). Other
examples of re-investigation of lectin specificity include
galectins (36, 51), Agaricus bisporus lectin (known as
ABA) (48), mannose-binding-type Jacalin-related lectins
(49) and animal C-type lectins (50). Thus, new informa-
tion can be gained by re-examination of older work using
FAC. FAC is also a powerful tool for the investigation of
the sugar-binding specificity of novel lectins.
Lectin Microarray—The second approach to glycan

profiling in the particular context of differential profiling
is lectin microarray. Basically, FAC is performed by
a chromatographic procedure using a single or a pair of
columns and a series of purified (i.e. standard) glycans.
On the other hand, the lectin microarray is a novel
platform enabling multiple lectin interaction analyses
simultaneously. Moreover, all kinds of glycans (even
a mixture and crude samples) can be applied to the lectin
array. The method is therefore expected to provide an
extremely high-throughput means for glycan profiling.
To realize this, however, there is the basic issue that
usual microarray techniques (e.g. for DNA and antibody)
require extensive washing procedures before scanning
of the bound probes on the microarray. As emphasized
previously, lectin–glycan interactions are weak (Kd =
10–3 to 10–7 M) compared with those of antigen-antibody
and DNA-RNA hybrids. Such washing procedures would
eliminate weakly bound glycans on the lectin microarray,
resulting in loss of significant information on glycan
(probe) affinity, which provides important clues to
glycan structures.

Advanced Technologies for Lectin-based Glycomics 143

Vol. 144, No. 2, 2008

 at U
niversity of Science and T

echnology of C
hina on Septem

ber 28, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Recently, we developed a unique infrastructure for the
lectin microarray, which is based on an evanescent-field
activated fluorescence detection principle (69, 70). In the
procedure, about 40 lectins, for which specificity has been
elucidated by FAC, are immobilized on a glass slide.
After probe (e.g. Cy3-labelled glycoprotein) incubation,
excitation light is injected from both sides of the slide
glass at a certain angle to make a total reflection
between the solid phase (slide glass) and liquid phase
(reaction chamber formed by a rubber sheet). Here, an
evanescent wave is generated within a limited space
from the surface (so-called ‘near optic field’), which is
approximately a half distance of the wave length used for
excitation. When Cy3-labelled glycoprotein is used as
a probe, the near optic field should be within �250 nm,
for an excitation wavelength of 488 nm. Since the
intensity of the evanescent wave is exponentially reduced
from the surface, it is considered that a substantially
effective near optic field is 200 nm or shorter. The system
enables specific detection of fluorescently labelled
(e.g. Cy3) glycans without any washing process. The
evanescent wave fluorescence detection system thus
enables liquid-phase observation in an equilibrium
state, unlike the confocal detection principle, which
most of other microarray techniques adopt. Figure 6
illustrates the geometry of the lectin microarray
platform, and shows the total dimensions of this unique
detection system, and how the evanescent principle works.

In our standard protocol, 0.1 ml of probing solution
(Cy3-labelled glycan solution) of 1 mm depth is used in
each reaction chamber. Since the evanescent field is
generated within 200 nm, in theory the effective activa-
tion field occupies only 0.02% of the bottom of the
reaction chamber. This means 0.02% of the applied
probe solution is exposed to the evanescent wave
activation. Thus the background level is extremely low.
In fact, the evanescent-field activated fluorescence
detection system shows the highest sensitivity among
the lectin microarray systems reported so far: i.e. limit
of detection (LOD) values are 100 pg/ml of glycoprotein
(asialofetuin) and 100 pM glycan (asialo-biantennary
N-glycan) probes, respectively (68).

Unlike other profiling methods, the lectin microarray
has the extremely useful property of direct applicability
to crude samples. These are typically clinical samples,
such as sera and tissue extracts. Moreover, combination
of the lectin microarray with an antibody specific for a
target glycoprotein is highly feasible for high-throughput
analysis of clinical samples for bio-marker investigation,
because individual labelling (e.g. with Cy3-SE reagent)
and removal procedures can be omitted with the aid of
Cy3-labelled antibody (or appropriate second antibody).
Alternatively, the biotin-avidin system can be used. Such
applications of the lectin microarray will be described
elsewhere, as well as its practical application to glyco-
protein-biomarker investigations in the context of the
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Fig. 5. A matrix summarizing the present state of com-
prehensive interaction analysis by FAC, designated the
‘Hect-by-Hect’ Project. Here, only interactions of 120 lectins,
for which Kd (or Ka) values have already bean determined, are
listed. The strength of each interaction is expressed according to
six different colours; i.e. red [‘strongest’ to show >30 ml in terms

of V–V0 (see text)], orange (‘second strongest’ to show 25–30ml of
V–V0), dark yellow (‘third strongest’ to show 20–25ml) yellow
(‘medium’ to show 15–20 ml of V–V0), green (‘second weakest’
to show 10–15 ml of V–V0), sky blue (‘weakest but significant’ to
show 5–10ml of V–V0) and blue (‘no interaction’ showing <5 ml
of V–V0).
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Medical Glycomics project of NEDO (New Energy and
Industrial Technology Development Organization), the
basic concept of which is summarized in Fig. 7.

CONCLUDING REMARKS

In this mini-review, recent advances in lectin-based
glycotechnologies are described. The concept of glycan
profiling is realized by means of the lectin microarray,
but this emerging technique is extensively supported by
fundamental information provided by FAC. Probably,
both lectin microarray and FAC are necessary tools for
structural studies of glycans (i.e. for structural glycomics)
as well as other analytical methods. All of these are
necessary for elucidation of glycan biological functions
(i.e. functional glycomics). With these tools, we have been
able to approach even evolutionary issues involving
glycans (i.e. comparative glycomics). Overall, why do we
study glycans? The author would answer: because they

are old (for comparative glycomics), important (for
functional glycomics) and difficult (for structural glyco-
mics). By any measure, glycobiology occupies a most
fundamental position in life science, because we now
know that all scientific roads lead to the Glycome.1
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