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INTRODUCTION
Investigations of carbohydrate-protein interactions have been revolutionized by the
availability of glycan microarrays comprised of hundreds of defined glycan structures that
can be interrogated with fluorescent-labeled carbohydrate-binding proteins or organisms.
Researchers have spent years developing methods for determining the structures of complex
glycans, and can now reap the benefits of that work by having access to structurally defined,
chemo/enzymatically synthesized glycans in a format that addresses functional recognition
of glycans. Historically, the specificities of many glycan-binding proteins (GBPs), which
include lectins, receptors, and antibodies, have been defined by hapten inhibition of a
binding or agglutination assay, where each individual test compound is added in a
concentration-dependent manner. Such assays require labor-intensive, multi-point assays
and often large amounts (micro- to milligram) of precious glycan reagents. The
miniaturization of glycan-binding assays in a highly sensitive format using miniscule
amounts of samples on glycan microarrays now permits the analysis of hundreds of test
compounds simultaneously in a single assay. This minimizes the time and effort to obtain
relatively quantitative information about glycan binding specificity using only nanograms of
precious glycans.

The concept of assay miniaturization of solid phase assays as 100–200 micron “microspots”
(Elkins, R.P. 1989) was successfully applied to detection of nucleic acids in the form of
DNA chips or microarrays arrays in the late 1980’s (Kulesh, D.A., Clive, D.R., et al. 1987),
as a multiplexing technique to study gene expression in a high throughput fashion (Heller,
M.J. 2002, Pollack, J.R. 2009, Ramsay, G. 1998). This technology was extended to
proteomic analysis by immobilization of a variety of captured molecules as microspots for
binding of proteins (Kramer, S., Joos, T.O., Templin, M.F. 2005). Unlike DNA arrays,
where the capture molecules are readily available due to the ability and simplicity of
synthesizing DNA sequences, protein microarrays and glycan microarrays share a common
problem in that the desired capture molecules are not readily available, and their production,
especially for glycan targets, is time consuming and expensive.

Production of Glycan Microarrays
Due to the wide utilization of DNA and protein microarrays, there is available
instrumentation in many institutional core facilities in the form of arraying robots or printers
that can be used to produce glycan microarrays and scanners to monitor fluorescence signals
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from binding assays. In general, glycan microarray printing can be categorized into contact
printing and non-contact printing. For contact printing, a set of steel pins (from 1 to 48) are
dipped into solutions of functionalized glycans contained in a multi-well source plate, and
transferred to the glass slides by directly blotting the pin on the glass slide surface. The
amount of solution delivered to the substrate will be a function of the time the pin is in
contact with the surface. Depending on the pin type, the samples are pre-blotted on a
practice surface to reach a consistent spot morphology before the microarray is printed. The
amount of pre-blotting and contact time can be tuned so that ~0.5 nL per spot is printed
rapidly and reproducibly.

Non-contact printing can be accomplished with a Piezo-electronic printer that controls the
delivery of sample solution (~0.3 nL, with <5% intra-tip variation) from a glass capillary
using controlled electric signals. This process can be finely tuned with different printing
buffers for uniform delivery from each tip (<10% inter-tip variation) resulting in more
precise printing relative to contact printing. Without contacting the substrate, the size and
morphology of the printed spots are also relatively homogeneous, resulting in more precise
readouts than can be obtained with contact printing. The accuracy of printing by either
approach is especially important when quantitative or semi-quantitative studies are desired.
The printing pattern can be controlled to produce large arrays of thousands of spots or
multiple subarrays on a single glass slide, which permits multiple analyses on a single slide.
A very useful feature of the Piezo-electronic printing method is that the sample solution
aspirated from the source place is recycled back to the source plate after printing, which is
extremely important when only small amounts of rare samples are being printed. The major
disadvantage of Piezo-electronic printers, however, is that the number of printing tips is
limited to 4 or 8 due to their expense and complexity. Thus, it may require hours to print
several slides, requiring special attention to the stability of the substrate, moisture, sample
evaporation, and temperature, which are controlled by most instruments. The non-contact
inkjet printer, which solved these problems, is well suited for high-throughput and accurate
microarray printing, but it requires larger sample volumes.

The Solid Phase
Glycans are immobilized to produce microarrays on glass microscope slides where the
glycans are retained by either non-covalent interactions or covalent coupling. Nitrocellulose
coated glass slides are currently the most common solid surface for non-covalent
attachment, and the immobilization mechanism of nitrocellulose is presumably based on the
hydrophobic interaction of the arrayed molecules with the membrane. Thus, glycans must be
suitably derivatized with a hydrophobic component, as in neo-glycolipids (Feizi, T., Fazio,
F., et al. 2003, Feizi, T., Stoll, M.S., et al. 1994, Liu, Y., Feizi, T., et al. 2007), before they
can be efficiently printed and immobilized. Compared to normal glass slides, the
nitrocellulose membrane layer provides a 3-dimensional presentation of the probes and a
more even morphology among spots. However, the strong auto-fluorescence of the
membrane at the same wavelength, as is used to detect the commonly used green fluorescent
labels (FITC and Alexa488), limits the fluorescence detection to higher wavelength.
Nitrocellulose coated glass slides are commercially available from several vendors, and can
be used for printing glycolipids and neoglycolipids, glycoproteins, polysaccharides and
other large molecules; however, they have limited use for defined low-molecular weight
glycans attached to small linkers which are not hydrophobic enough to be efficiently
adsorbed to the substrate.

Covalent immobilization provides more specific attachment of glycan probes via known
functional groups. Over the last decade, the immobilization of glycans on glass slides has
received extensive study and in most cases involved the manufacture of glass slides with
chemically activated surfaces that are available from a number of vendors. Although free,
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reducing glycans can be directly printed by oxime/hydrozone formation on hydrazide or
aminooxy-derivatized glass slides (Park, S., Lee, M.R., et al. 2007, Park, S., Lee, M.R., et al.
2009), the resulting glycosidic linkage may be either acyclic or cyclic with α- and β-
configurations. With the exception of the aldehyde function of a reducing sugar, most
glycans lack a selectively reactive functional group and therefore cannot be directly
immobilized onto commercially available surface-activated glass slides. The glycans,
therefore, require chemical modification to achieve successful immobilization. Efficient
conjugation reactions have been explored for this purpose and include the thiol-maleimide
reaction (Park, S. and Shin, I. 2002, Ratner, D.M., Adams, E.W., et al. 2004) and the amino-
NHS ester/epoxy reactions (Blixt, O., Head, S., et al. 2004, de Boer, A.R., Hokke, C.H., et
al. 2007, Disney, M.D. and Seeberger, P.H. 2004, Song, X., Xia, B., et al. 2008, Song, X.,
Xia, B., et al. 2009). Many commercially available, surface-activated glass slides are now
available, and the two most commonly used glass slides for covalent immobilization are the
N-hydroxysuccinimide (NHS)-ester and epoxy slides, which are reactive to free amino
groups. While NHS-ester is more selective to primary alkylamine, epoxy slides are more
reactive than NHS-slides and can be used with secondary amine and aromatic amine.
Glycan-2,6-diaminopyridine (DAP) conjugates (Song, X., Xia, B., et al. 2008) and glycan-2-
aminobenzamide (2AB)/2-aminobenzoic acid (2AA) conjugates (de Boer, A.R., Hokke,
C.H., et al. 2007) can be printed on epoxy slides for screening of GBPs. The less specific
reactivity of epoxy derivatized slides and generation of secondary/tertiary amine amines, on
the other hand, might be the reason for overall higher background on epoxy compared to
NHS-activated slides where the product of the NHS-ester and a primary amine is a
chemically-inert amide. Glycoproteins and neo-glycoproteins can also be readily printed on
these NHS- and epoxy slides (Luyai, A., Lasanajak, Y., et al. 2009, Oyelaran, O., Li, Q., et
al. 2009). The surface of NHS- or epoxy slides can also be modified using bifunctional
molecules with an amino group, such as for the application of click-chemistry
(Krishnamurthy, V.R., Wilson, J.T., et al. 2010), which provides another bio-orthogonal
approach to conjugate suitably derivatized glycans onto glass slides. Under normal
conditions of storage in a desiccated environment at room temperature, the printed glycan
microarrays are stable for years.

Applications of Glycan Microarrays for Functional Glycomics
Glycan microarrays are prepared by spotting extremely small amounts of individual glycans
(50–100 femtomole), which are interrogated with suspected or known GBPs. The basic
principle of the analysis is that each glycan is printed in discrete microspots (100–200
microns in diameter) in replicates on the glass microarray slide. After the slide is blocked
and stabilized, the resulting array can be interrogated by addition of the GBP being analyzed
to determine its ability to bind different glycans. The bound GBP is detected by a
fluorescent method, and the fluorescence is quantified in a fluorescence scanner. This unit
will describe the two types of glycan microarrays, the defined glycan array available from
the Consortium for Functional Glycomics (CFG) and natural glycan arrays, and several
examples of GBPs used to probe glycan microarrays.

GLYCAN BINDING PROTEIN SPECIFICITIES (MOTIF DEFINITION), EPITOPE
ANALYSIS OF ANTI-GLYCAN ANTIBODIES, AND SPECIFICITY OF HOST-
PATHOGEN INTERACTIONS USING THE DEFINED GLYCAN MICROARRAY
PRODUCED BY THE CONSORTIUM FOR FUNCTIONAL GLYCOMICS (CFG)—
Defined glycan arrays are comprised of known structures obtained from chemical synthesis
or chemo-enzymatic synthesis. These compounds are generally available in milligram to
gram quantities, and a large library of these synthetic glycans with amino-linkers installed at
the reducing ends has been accumulated by the CFG with the support of National Institute of
General Medical Sciences (NIGMS) to maintain the CFG glycan microarray (Blixt, O.,
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Head, S., et al. 2004). The Glycan Array Synthesis Core (Core D) of the CFG prints these
glycans on NHS-activated glass slides, and the resulting glycan microarrays have been used
by the Protein-Glycan Interaction Core (Core H) of the CFG since November 2005 to carry
out binding assays on the array as a service to investigators whose requests are approved by
a Steering Committee. The CFG printed glycan array has grown since 2005 to contain over
511 glycan targets. The binding assays generate data that are used for determining GBP
specificities or glycan-binding motifs, epitope analysis of anti-glycan antibodies, and
specificity of pathogen binding to host cells. Knowledge of the specificity of a GBP
contributes to understanding its function, which is consistent with the purpose of the CFG,
which was formed to define the paradigms by which protein-carbohydrate interactions
mediate cell communication.

The CFG glycan microarray is generated by printing the chemo/enzymatically synthesized
glycans that have a primary amino group at their reducing end onto NHS-activated glass
slides as described (Blixt, O., Head, S., et al. 2004). Briefly, the amine-containing glycans
are diluted to 100 μM in print buffer (300 mM phosphate, pH 8.5 containing 0.005%
Tween-20). The printing protocol is constructed so that 6 replicates of each glycan solution
(~0.6 nL) are delivered to the slide surface. Covalent coupling of the glycans occurs in an
atmosphere of 80% humidity for 30 minutes, and the slide is then placed in a desiccator
overnight. The unreacted NHS groups are blocked with 50 mM ethanolamine in 50 mM
borate buffer, pH 9.2 for 1 hour. The slides are rinsed with water, dried, and stored at room
temperature in a desiccator until use. The list of glycans and the linker structures that are
used to link the glycans to the slides for the various versions of the CFG glycan array can be
found at:
http://www.functionalglycomics.org/static/consortium/resources/resourcecoreh8.shtml. The
synthetic glycan structures generally represent the terminal sequences found on N-glycans,
O-glycans, and glycosphingolipids of mammalian tissues that are appropriate for screening
the possible interactions with animal cell lectins and other GBPs.

Virtually any sample that is suspected of being a GBP can be screened on the glycan array
providing fluorescent detection is available with any of the common fluorescent detection
systems. Knowledge of the sample characteristics is critical to ensuring that the sample is
active and can be detected using the chosen system. This usually requires additional assays,
both before screening on the array to confirm sample activity, and after screening to validate
any glycan binding that is detected.

BASIC PROTOCOL: The Binding Specificity of Biotinylated Plant Lectins
Detected with Fluorescent Streptavidin

Lectins, or more generally glycan-binding proteins, are proteins that specifically bind to
different carbohydrate structures via their defined carbohydrate-recognition domains (CRD)
and do not catalyze a change in glycan structure. Their binding can range from low affinity
interactions to high affinity and high avidity recognition through multiple CRDs
(multivalency). Lectins, first identified in plants, have been identified in many microbes and
animal species (Varki, A., Cummings, R.D., et al. 2009). Concanavalin A (ConA), one of
the most widely used plant lectins, was the first to be crystallized in 1972 (Hardman, K.D.
and Ainsworth, C.F. 1972). It is known to bind weakly to α-mannose and α-glucose, and
with higher affinity to glycans containing one or more such residues. Its specificity was
determined by a number of different assays involving the hapten inhibition of Con A in a
variety of assays. The determination of the fine specificity of a lectin on the glycan
microarray is accomplished by the simultaneous analysis of hundreds of glycans in a single
experiment that would be much too labor intensive to attempt by hapten inhibition analyses.
If a biotinylated lectin is used, it must be detected with fluorescent streptavidin, which is
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commercially available. Biotinylation of lectins can be easily accomplished using NHS-
activated biotin, which reacts efficiently with primary amine groups to form stable amide
bonds. Many biotinylation kits using NHS chemistries are also commercially available. Here
we discuss the general method of assaying biotinylated lectins such as ConA on the CFG
glycan microarray, and how data generated from these assays is processed and interpreted.

Materials
Biotinylated lectin (commercially available, ex. Vector Labs)

Alexa Fluor-488-Streptavidin (Invitrogen)

Glycan printed slides, printed on one side of the slide

DO NOT TOUCH THE PRINTED AREA

Cover slips (Fisher Scientific, 12-545F)

Humidified Slide processing chambers (Fisher Scientific, NC9091416), or homemade
system using Petri Dish, with wet paper towels in the bottom of the chamber

100 ml Coplin jars for washing slides

Tris-HCl (Fisher Scientific, BP152-1)

NaCl (Fisher Scientific, S271-3)

CaCl2 (Fisher Scientific, C79-500)

MgCl2 (Fisher Scientific, BP214-500)

Potassium Phosphate Monobasic (Fisher Scientific, P285-3)

dH2O

BSA (Fisher Scientific, Bp1600-100)

Tween-20 (EMD Biosciences, 655205)

Sodium azide (Fisher Scientific, S227-500)

ProScanArray Scanner (Perkin Elmer)

ScanArray quantitation software (Scanarray Express, Perkin Elmer or Imagene,
Biodiscovery)

Buffers
TSM = 20mM Tris-HCl, pH 7.4 150mM NaCl, 2mM CaCl2, 2mM MgCl2
TSM Wash Buffer (TSMWB) = TSM Buffer + 0.05% Tween-20

TSM Binding Buffer (TSMBB) = TSM buffer + 0.05% Tween-20 + 1% BSA

Buffer Preparation
1L 10X TSM Washing Buffer Stock Solution

0.20M Tris-HCl

1.5M Sodium Chloride (NaCl)

0.02M Calcium Chloride (CaCl2)

0.02M Magnesium Chloride (MgCl2)
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Weigh out required amount of Tris-HCl and NaCl. Dissolve in dH2O and bring volume up
to 800ml and pH solution and add HCL or NaOH to adjust pH to 7.4. Add appropriate
concentrations of CaCl2 and MgCl2. Monitor pH while bringing up volume to 1000ml (1L)
and adjust pH if necessary. Filter to increase shelf lifespan and store at Room Temperature
(RT).

1X TSM: Add 10ml of 10X TSM buffer to 100ml of dH2O

20% Tween-20: Add 20g of Tween-20 to 100ml of dH2O

TSM Wash Buffer
Add 10ml 10X TSM to 100ml of dH2O

Add 2.5ml of 20% Tween-20 for final concentration of 0.05%

TSM Binding Buffer
For 100ml:

1X TSM buffer

2.5ml of 20% Tween-20

1g BSA

Protocol
1. Make working stocks of washing buffers (TSM, TSMWB, TSMBB, and H2O) or

collect reagents and bring to room temperature if they have been in the refrigerator.

2. Prepare 100 μl of sample by diluting biotinylated lectin in TSMBB to an
appropriate final concentration required for the analysis. For lectins, a beginning
concentration of 10 μg/ml should give ample binding. The protein solution can be
further diluted to demonstrate its specificity.

3. Remove slide(s) from desiccator and label slide with sample name near barcode,
outside of the markings used to delineate the position of the array on the slide.

4. Hydrate the slide by placing in a glass Coplin staining jar containing 100 ml of
TSMWB for 5 minutes.

5. Remove excess liquid from slide by setting the slide upright to drain the liquid off.

6. Carefully apply 70 μl of sample (prepared in step 2) close to an edge of the slide
within the markings used to delineate the position of the array on the slide.

7. Slowly lower cover slip onto the slide carefully to avoid trapping bubbles between
the slide and the cover slip. Remove any bubbles trapped between the slide and
cover slip by gently tapping with a pipette tip, if necessary, making sure the cover
slip remains between the markings used to delineate the position of the array on the
slide.

8. Incubate slide in a humidified tray in the dark for 1 hour at room temperature.

9. Remove cover slip by gently allowing it to slip off into the glass trash/biohazard
trash.

10. Wash the slide by gently dipping 4 times (3 – 5 seconds each) into 100 ml of each
of each of the following buffers in Coplin Jars: TSMWB, TSM

11. Remove excess TSM from slide by tipping the slide upright.
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12. Add 70 μl of Streptavidin-AlexaFluor-488 at the appropriate amount (ex. 5 μg/ml)
in TSMBB.

13. Apply cover slip as above (step 7) and incubate as above (step 8) in the dark.

14. After 1 hour incubation, remove cover slip by gently allowing it to slip off into the
glass trash/biohazard trash.

15. Wash the slide by gently dipping 4 times into 100 ml of each of the following
buffers in Coplin Jars: TSMWB, TSM, dH2O

16. Spin slide in slide centrifuge for ~ 15 seconds or remove water under a gentle
stream of nitrogen and air dry for 5 minutes.

17. Scan slide with a fluorescent scanner at the appropriate wavelengths

For Alexa Fluor 488-labeled streptavidin, scan with 488 nm lamp. Save the image.

18. Process the slide with appropriate quantitation software.

Anticipated Results
An active lectin or GBP will produce detectable binding to the glycan microarray provided
that a least one glycan recognized by the GBP is on the microarray. Common reasons for an
inconclusive result on the glycan array (weak or no binding) is that the GBP has lost activity
prior to analysis due to inappropriate storage or shipping conditions, processing prior to
analysis, or to biotinylation that may disrupt its binding site. Obviously, one must also
consider that the CFG glycan array contains only a subset of the possible glycans; therefore,
an active lectin could generate a negative result because its glycan ligand(s) are not present
on the array.

The data generated from the glycan microarray screening is an image of fluorescence bound
to each spot. This image is the opened in an imaging and quantification program so that the
intensity of fluorescence at each spot can be measured. Once the image is opened, a grid file
is placed over the image and aligned using reference spots of biotin that are visualized with
the fluorescent streptavidin detection reagent. This process allows the grid to be properly
aligned over each data spot. The fluorescence corresponding to each spot is then quantified,
processed, and tabulated. A macro program in Excel is then used to determine the average
fluorescence of the 6 replicate spots. The macro processes the data further to remove the
high and low value of the 6, leaving 4 values which are averaged and the standard deviation
(STDEV), standard error of the mean (SEM) and coefficient of variation (STDEV ÷ Mean)
expressed as a percentage (%CV) are determined for each glycan. The output from the
analysis is a histogram and a table as shown in Figure 1 and Table 1. Figure 1 (top panel)
shows a portion of the image from the fluorescence scanner and the pattern of replicate
samples (n=6). The lower panel shows a computer-generated histogram of binding, where
the average relative fluorescence units (RFU) for a sample of biotinylated ConA at a
concentration of 1 μg/ml binding to each of 442 glycans on version 4.0 of the array. Table 1
displays the binding to glycans in order of highest relative fluorescence units (RFU) to
lowest for the top 80 glycans. The complete list of glycans found on this version as well as
all version of the CFG array can be found at:
http://www.functionalglycomics.org/static/consortium/resources/resourcecoreh8.shtml.

The data are then assessed with regard to: patterns or motifs of binding, structures that are
not bound, level of fluorescence, and standard deviation or %CV. It is clear from this
analysis that branched, high-mannose type glycans with multiple terminal α-linked mannose
residues populate the list of structures that are bound the best by ConA. At higher
concentrations of Con A (>100 μg/ml) this pattern is not observed since under these
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conditions, binding goes above the linear range of the scanner, which is between 0 and
50,000 RFU. Thus, to obtain interpretable data it is necessary to ensure that the assay results
are within the linear range of the instrument. To obtain a more detailed picture of binding
specificity, GBPs are assayed at multiple concentrations on the glycan array. As the GBP
concentration is decreased, weaker binding glycans disappear from the histogram, thus a
concentration-dependent analysis provides information on the relative binding strengths of
the GBP for each glycan. A ranking of the ligands can performed at each GBP concentration
with the following calculation: Rank = 100 × [RFU bound/highest RFU]. Comparing the
glycan structures based on their ranking (strength of binding) can provide a more accurate
picture of the binding specificity for a given GBP. The ranking data for ConA is shown in
Table 2. A concentration analysis of ConA shows a ConA binding motif of terminal,
branched α-linked mannose in the 2, 3, and 6 position on high mannose type N-glycan
structures, which are highlighted in red in the table and have high rankings from 85 to 50.
Substitutions to this motif, as is found in more complex type N-glycans by addition of N-
acetylglucosamine, galactose, and sialic acid, decrease the glycan rankings to less than 50
indicating a second motif of ConA binding to biantennary N-glycans.

ALTERNATE PROTOCOL 1: The glycan epitopes for mouse monoclonal
antibodies are detected using fluorescent anti-mouse IgG

Mouse monoclonal antibodies are often screened for their glycan binding specificity using
the defined glycan microarray. This is accomplished by diluting the antibody to a suitable
working concentration (1–50 μg/mL) and carrying out the assay as described above using a
fluorescently labeled anti-mouse antibody against the correct immunoglobulin isotype (ex.
IgG, IgM) for detection.

Materials
Same materials as listed above for biotinylated lectins, except for the lectin

Mouse monoclonal IgG antibody

Cyanine 5- or Alexa Fluor 488-Streptavidin (ZYMED 43-4316 or Invitrogen)

Appropriate secondary antibody to detect the monoclonal antibody being tested,
fluorescently labeled if available (ex. Alexa Fluor-488 labeled anti-mouse IgG)

Buffers (see Basic Protocol for buffer preparation)
TSM = 20mM Tris-HCl, pH 7.4 150mM NaCl, 2mM CaCl2, 2mM MgCl2
TSM Wash Buffer (TSMWB) = TSM Buffer + 0.05% Tween-20

TSM Binding Buffer (TSMBB) = TSM buffer + 0.05% Tween-20 + 1% BSA

Protocol
1. Make working stocks of washing buffers (TSM, TSMWB, TSMBB, and H2O) or

collect reagents and bring to room temperature if they have been in the refrigerator.

2. Prepare 100 μl of sample by diluting antibody in TSMBB or appropriate Binding
Buffer based on properties of antibody to a final concentration of 1–50 ug/ml or an
appropriate concentration required for the analysis.

3. Remove slide(s) from desiccator and label slide as necessary on the top of the slide.

Do not write on the slide where the glycans are printed.
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4. Hydrate the slide by placing in a glass Coplin staining jar containing 100 ml of
TSMWB for 5 minutes.

5. Remove excess liquid from slide by setting the slide upright to drain the liquid off.

6. Carefully apply 70 μl of antibody (prepared in step 2) close to the left edge slide,
being careful to cover the area of the slide where glycans are printed.

7. Slowly place cover slip on slide, trying to avoid the formation of bubbles in the
sample under the cover slip.

Remove any bubbles trapped between the slide and cover slip by gently tapping
with a pipette tip, if necessary, making sure the cover slip remains between the
markings used to delineate the position of the array on the slide.

8. Incubate slide in a humidified tray in the dark for 1 hour at room temperature.

9. Remove cover slip by gently allowing it to slip off into the glass waste/biohazard
waste.

10. Wash the slide by gently dipping 4 times (3 – 5 seconds each) into 100 ml of each
of each of the following buffers in Coplin Jars: TSMWB, TSM.

11. Remove excess water from slide by tipping the slide upright.

12. Add 70 μl of AlexaFluor-488-labeled (or other labeled) secondary antibody
containing Cyanine 5-labeled streptavidin (final concentration 0.5 μg/ml) in
TSMBB.

Typically the streptavidin is used to align the printed spots on the array and is
added to the dilution of antibody in the last step. Biotin is printed in the corners of
each subarray for aligning the grid. A label that is different from the label on the
detection reagent is usually used, so that the image of the biotin spots can be
distinguished from the sample for alignment of the grid.

13. Apply the cover slip as above (step 7) and incubate as above (step 8).

14. After 1 hour incubation, remove cover slip by gently allowing it to slip off into the
glass trash/biohazard trash.

15. Wash the slide by gently dipping 4 times into 100 ml of each of the following
buffers in Coplin Jars: TSMWB, TSM, dH2O.

16. Spin slide in slide centrifuge for ~ 15 seconds or remove water under a gentle
stream of nitrogen.

17. Scan slide with a fluorescent scanner at the appropriate wavelengths For
AlexaFluor488-labeled secondary antibodies, scan with 488 nm lamp, and to detect
Cy5-streptavidin, scan with a 633 nm lamp. Save each image separately.

18. Process the slide with appropriate quantitation software.

Anticipated Results
The data output is the same as that described for a biotinylated GBP, and results can be used
to define the glycan epitope of any type of antibody for which a secondary antibody is
available. If an antibody is specific for a carbohydrate epitope, the repertoire of glycans on
the CFG array should demonstrate some interaction with the antibody, to provide a minimal
motif of binding. The detection of glycan epitopes can also be carried out on polyclonal
antibodies or serum, but such analyses are more complex since most animal serum contains
anti-immunoglobulin antibodies directed against glycans that have been encountered in the
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natural environment of the animal. For example, normal human serum contains IgGs that
bind almost 50% of the glycans on the CFG glycan array (von Gunten, S., Smith, D.F., et al.
2009). Thus, epitope definition on monoclonal or affinity purified (on immobilized antigen)
polyclonal antibodies is more conclusive than on serum. In addition, all detection reagents
based on polyclonal antibodies or serum samples should be analyzed without the primary
sample as a control.

ALTERNATE PROTOCOL 2: Specificity of Directly Labeled Influenza Virus
Binding to Sialylated Glycans

Influenza A virus infects animal cells by initially binding to terminal α2-3- or α2-6-linked
sialic acid residues of glycoconjugates, depending on whether the virus infects birds or
mammals, respectively (Connor, R.J., Kawaoka, Y., et al. 1994, Rogers, G.N. and D’Souza,
B.L. 1989). The availability of a large collection of sialyl-oligosaccharides on the CFG
glycan array has permitted analyses of the involvement of the underlying glycan structures
in this process by analyzing Influenza virus binding to the defined glycan array. Initial
studies on Influenza A virus specificity were carried out using purified, recombinant
hemagglutinin (Stevens, J., Blixt, O., et al. 2006), but many successful studies have been
performed using fluorescent-labeled virus. Virus preparation can be labeled using
commercially available succinimidyl esters of fluorescent dyes, which selectively couple the
dyes to primary amines on the virus without affecting their ability to agglutinate
erythrocytes indicating retention of binding activity (Amonsen, M., Smith, D.F., et al. 2007).
Freshly labeled virus can then be applied to the array under appropriate experimental
conditions.

Materials
Same materials as listed above for biotinylated lectins, except for the lectin

Cyanine 5- or Alexa Flour 488-Streptavidin (ZYMED 43-4316 or Invitrogen)

Fluorescently labeled virus

Buffers (see Basic Protocol for buffer preparation)
TSM = 20mM Tris-HCl, pH 7.4 150mM NaCl, 2mM CaCl2, 2mM MgCl2
TSM Wash Buffer (TSMWB) = TSM Buffer + 0.05% Tween-20

TSM Binding Buffer (TSMBB) = TSM buffer + 0.05% Tween-20 + 1% BSA

Protocol
1. Make working stocks of washing buffers (TSM, TSMWB, TSMBB, and H2O) or

collect reagents and bring to room temperature if they have been in the refrigerator.

2. Prepare 100 μl of sample by diluting virus in TSMBB or appropriate Binding
Buffer. Amount of virus can be calculated using hemagglutination units per ml
(HAU/ml), plaque forming units/ml (pfu/ml), or some other method of quantitation
if available. An appropriate starting amount of virus is 5,000–10,000 HAU/ml and
can be adjusted as necessary. Fluorescently labeled streptavidin for spot alignment
can be mixed with the virus preparation and added to the array at the same time to
avoid an additional step on the array. If there is concern about streptavidin
interfering with virus binding, the streptavidin should be added to the slide for 30–
60 minutes and washed off before virus is added.

3. Remove slide(s) from desiccator and label slide as necessary on the top of the slide.
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Do not write on the slide where the glycans are printed.

4. Hydrate the slide by placing in a glass Coplin staining jar containing 100 ml of
TSMWB for 5 minutes.

5. Remove excess liquid from slide by setting the slide upright to drain the liquid off.

6. Carefully apply 70 μl of virus (prepared in step 2) close to the left edge slide, being
careful to cover the area of the slide where glycans are printed.

7. Slowly place cover slip on slide, trying to avoid the formation of bubbles in the
sample under the cover slip.

Remove any bubbles by gently tapping the cover slip with a pipette tip if necessary,
or slowly lifting one side of the cover slip. Make sure the cover slip is over the
printed surface.

8. Incubate slide in a humidified tray in the dark for 1 hour at room temperature.

9. After 1 hour incubation, remove cover slip by gently allowing it to slip off into the
glass waste/biohazard waste.

10. Wash the slide by gently dipping 4 times into 100 ml of each of the following
buffers in Coplin Jars: TSMWB, TSM, dH2O.

11. Spin slide in slide centrifuge for ~ 15 seconds or remove water under a gentle
stream of nitrogen.

12. Scan slide with a fluorescent scanner at the appropriate wavelengths

For Alexa Fluor 488-labeled virus, scan with 488 nm lamp, and to detect Cy5-
streptavidin, scan with a 633 nm lamp. Save each image separately.

13. Process the slide with appropriate quantitation software.

Anticipated Results
The data output is identical to that described for a biotinylated GBP and antibodies, and
results can be used to evaluate the nature of the host pathogen interactions of viruses with
sialoglycans. Depending on the strain of virus used, there may be a preference for α2-3-
linked or α2-6-linked sialic acids. Some viruses, however, prefer a specific underlying
sequence, and by evaluating the differential binding to defined glycans and comparison to
the absence of binding of related structures, it is possible to determine the participation of
glycan structure underlying the terminal sialic acid linkage (Kumari, K., Gulati, S., et al.
2007).

GENERATION OF NATURAL GLYCAN ARRAYS—The utility of the defined glycan
array is directly proportional to the number of structurally defined glycans that are presented
on the array because glycan-binding motifs or specificities are determined by comparing the
relative binding strengths of different and related glycan structures. If a glycan ligand for a
GBP were not on the array, it would obviously be impossible to define a specificity. Thus,
the most useful glycan array would be one that was comprised of all of the glycans in the
glycome of the cell line, tissue, or organism in question. However, the conservative estimate
of possible glycan determinants in humans is close to 7,000 (Cummings, R.D. 2009)
compared to the ~500 glycans on the defined glycan microarray of CFG. The chemical
synthesis of complex glycans is extremely laborious and challenging, and will not likely
become a high throughput, automated process in the near future. Therefore, methods to
expand the defined microarray by increasing the number of glycans available are needed.
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In order to address the need to expand the defined glycan array we have focused on the
development of the natural glycan array, which is comprised of glycans isolated from
natural sources. The glycans used for this format may be purified glycopeptides that possess
primary amines for coupling to derivatized array surfaces or reducing oligosaccharides
obtained commercially or from any natural source as free oligosaccharides from human milk
or other secretions or by releasing glycans from glycoconjugates using enzymatic or
chemical methods. One approach to the natural glycan array has been to derivatize glycans
with a lipid via reductive amination and use the lipid-linked glycans to print non-covalent
glycan microarrays on nitrocellulose coated slides (Feizi, T., Stoll, M.S., et al. 1994, Liu, Y.,
Feizi, T., et al. 2007, Stoll, M.S., Feizi, T., et al. 2000). Alternatively, purified reducing
glycans can be coupled to protein such as bovine serum albumin by reductive amination, and
the glycan-protein conjugate can be printed on a slide (Gildersleeve, J.C., Oyelaran, O., et
al. 2008, Oyelaran, O., Li, Q., et al. 2009). Free, reducing glycans can be directly printed on
hydrazide or aminooxy-derivatized glass surfaces where the free aldehyde will be covalently
linked via oxime/hydrozone formation (Park, S., Lee, M.R., et al. 2007, Park, S., Lee, M.R.,
et al. 2009). The reducing oligosaccharides may also be converted to a primary amine by a
single step derivatization using a bifunctional linker 2-(methylaminooxy) ethanamine as
described previously (Bohorov, O., Andersson-Sand, H., et al. 2006). Although this is a very
efficient reaction, the resulting glycan derivatives must be quantified gravimetrically or by
destructive colorimetric analysis, which limits this procedure to glycans available in
relatively large quantities. Our laboratory has developed a number of approaches to the
synthesis of fluorescent glycan derivatives using bifunctional reagents (Song, X., Lasanajak,
Y., et al. 2009, Song, X., Lasanajak, Y., et al. 2009, Song, X., Xia, B., et al. 2008, Song, X.,
Xia, B., et al. 2009) that allow us to derivatize reducing glycans with a fluorescent tag via
reductive amination and simultaneously retain a primary amino group for covalent coupling
to an NHS-derivatized slide. We have found this to be an extremely useful method for
producing glycan libraries for printing arrays with the sample-conserving Piezo printer when
the glycans are available only in low amounts. The fluorescent derivatives allow us to
confirm the purity of the glycan derivatives and quantify extremely small quantities of
glycans by a non-destructive method using the high sensitivity of detection afforded by their
fluorescence. The schematic below describes the general method for production and analysis
of natural glycan arrays (Figure 2).

BASIC PROTOCOL: Preparation of Natural Glycan Microarray
The preparation of Natural Glycan Microarrays starts from free reducing glycans, which
must be derivatized with a bifunctional fluorescent tag, purified, quantified, and printed on
an appropriate substrate for interrogation by GBPs. The glycans used for a natural, defined
array must be purified single compounds obtained commercially or isolated and purified as
free oligosaccharides from secretions such as milk or from glycan mixtures released from
glycoconjugates by chemical and enzymatic methods and purified. The purified glycans are
conjugated with fluorescent bifunctional tags, such as AEAB, and the resulting fluorescent
glycan derivatives are subsequently purified by HPLC to remove residual unreacted tag, and
subjected to mass spectrometry to confirm their structure. The homogeneous, structurally
defined glycan derivatives are quantified based on their fluorescence, reconstituted to
appropriate concentrations and printed on NHS- or epoxy activated glass slides. The assay
of these natural glycan microarrays is essentially the same as for CFG glycan microarray.

Preparation of Fluorescent Glycan Derivatives
Materials

Free reducing glycans (lyophilized)

2-(N-aminoethyl)amino benzamide (AEAB) (Song, X., Xia, B., et al. 2009)
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Nexterion NHS-activated microarray slides (Schott, Slide H)

Water bath at 55°C

Dimethyl sulfoxide (Fisher Scientific, ACS grade)

Acetic acid (Fisher Scientific, ACS grade)

Sodium cyanoborohydride (Sigma-Aldrich, 95%)

Dimethyl sulfoxide (Fisher Scientific, ACS grade)

MilliQ water

Acetonitrile (Fisher Scientific, HPLC grade)

Trifluoroacetic acid (Fisher Scientific, HPLC grade)

3,5-dihydroxylbenzoic acid (Sigma-Aldrich, 98%)

Buffers
2X Printing buffer: sodium phosphate, 0.6 M, pH 8.5;

Blocking buffer: 50 mM ethanolamine in 0.1 M Tris buffer, pH 9.0.

Instruments
Shimadzu HPLC system

SPD-20A UV/Vis dual λ detector

RF-10×l fluorescence detector

Labconco centra-vap concentrador

Ultraflex II MALDI-TOF/TOF (Bruker)

Perkin-Elmer Piezorray printer

Perkin-Elmer ProScanArray scanner installed with 4 lasers

Barnstead slow speed shaker

HPLC columns: Porous graphitized carbon (PGC) HPLC column (Thermo, 4.6 × 150mm)
with a Javelin cartridge (4 × 20mm)

Protocol
AEAB conjugation

1. Prepare Solution A:

a. Mix 88 mg AEAB with 1 mL DMSO/AcOH (v/v 7/3) and stir the mixture
on a vortex mixer for 10 minutes. This solution can be stored at −20°C for
>2 months.

b. The solution reaches saturation without complete dissolving AEAB. Thus,
the final step in the preparation of Solution A is to bring the suspension to
room temperature and centrifuge. The resulting supernatant is used as
solution A.

2. Prepare Solution B:

a. Mix 64 mg sodium cyanoborohydride (NaCNBH3) with 1 mL DMSO/
AcOH (v/v 7/3) and stir the mixture on a vortex mixer for 10 minutes.
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3. To a dried free reducing glycan (10 μg to 1 mg) in a 2 mL Eppendorf tube, add an
equal volume (10 to 50 μL) of Solution A and Solution B. The mixture is stirred for
2 minutes using a vortex mixer and incubated at 65oC in a heat block for 2 hours.

a. Note: The molar ratio of AEAB used for conjugation varies based on the
reaction scale. In general 50 μL of Solution A per mg glycan (50 μl
Solution B) is sufficient to drive the conjugation to completion. For
sample handling, when the amount of glycan is 20 μg, 10 μL of Solution
A (10 μl Solution B) was set as a minimum volume.

4. After cooling, acetonitrile (10× volume of the reaction mixture) is added to
precipitate the glycan. The mixture is vigorously mixed for 1 minute and cooled at
−20°C for at least 30 minutes. The mixture is centrifuged at 10,000g for 3 minutes
and the supernatant is removed.

5. The precipitate is dried in the Speed-Vac for 5 minutes and the residue is dissolved
in 100 μL water, and the resulting solution is centrifuged at 10,000×g for 3 minutes
to remove any insoluble material. The supernatant contains the glycan-AEAB
(GAEAB) conjugates that are subjected to HPLC purification.

Purification of AEAB Derivatives: We use a porous graphitized carbon (PGC or
hypercarb) HPLC column coupled with a guard cartridge to purify Glycan-AEAB
derivatives. The analytical column (4.6 × 150mm) has sufficient capacity and resolving
power to purify GAEAB conjugates at a scale of 1 μg to 1 mg.

1. The HPLC program for the purification of the GAEAB conjugates:

Solvents:

Acetonitrile (A)

Water (C)

1% Trifluoroacetic acid in water (D)

Flow rate: 1 mL/min.

Linear gradient:

0 min: 15% A, 75% C and 10% D;

30 min, 45% A, 50% C and 10% D;

30.1 min: 15% A, 75% C and 10% D;

40 min: stop.

Fluorescence detection: 330 nm (Ex) / 420 nm (Em).

UV detection: 330 nm.

2. Profile the GAEAB conjugate by injection of 1% of the GAEAB (1 μL of the
solution reconstituted in 100 μL water as described above). Use both fluorescence
and UV absorption to monitor the profile, which will guide the fraction collection
in Step 3.

3. Purify the GAEAB conjugate by injecting the remainder of the 100 μL GAEAB
solution. The GAEAB fraction can be collected either manually or by a fraction
collector controlled by the computer. The quantity of the fraction is calculated
based on its integration of UV absorption peak by HPLC using lactose-AEAB as a
standard.
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4. Characterize the collected fractions to confirm the molecular weight of the
GAEAB. Spot 0.5 μL matrix solution (5 mg/mL DHB in 50% acetonitrile, 0.1%
TFA) onto the MALDI-TOF target plate followed by 0.5 μL of the collected
fraction from Step 3. Wait until the samples dry and perform MALDI-TOF/TOF
analysis.

5. The collected GAEAB from Step 3 is evaporated in a Centra-vap for 2 hours and
then lyophilized. It is reconstituted into a 200 μM solution in water. This solution
of GAEAB derivative is suitable for printing in the appropriate buffer and may be
stored at −20°C.

Printing of Natural, Defined Glycan Microarray
1. 5 μL of the 200 μM solution described above is mixed with 5 μL 2X phosphate

buffer (0.6 M, pH 8.5) and loaded into a 384 well source plate with V-shape wells.
The plate is fitted onto a metal adaptor for controlling the temperature during
printing and set up securely in the printer.

2. According to the software, the sample names, IDs, and positions are entered. Then
the printing pattern is programmed according to manufacturer’s instructions,
including subarray number and sample replicate number. For example, a
microarray can include 14 identical subarrays. Each subarray can incorporate a
defined number of samples in replicates (3 – 6) (Figure 3). The printer control
software will generate a GAL file based on the setup, which is used in the image
processing step.

3. Warm NHS-activated slides from −20°C to room temperature in a vacuum
desiccator before opening the package.

4. Since the amounts of material are relatively low for many of the glycans available
from natural sources, we use a Piezo Printer (Piezorray, PerkinElmer) to print our
natural arrays. Tune the four tips so that ideal morphology and size distribution are
reached according to manufacturer’s instructions, which define a 0.33 nL delivery
volume. Start the printing process.

5. After the printing is finished, the slides are loosely boxed and incubated in a 55°C
water bath without water contacting the slides for 1 hour. The water bath serves as
a high humidity chamber.

6. The slides are washed with MilliQ water and then with 50 mM ethanolamine in 0.1
M Tris buffer, pH 9.0, for 1 hour, subsequently dried by centrifugation, and stored
desiccated at −20°C until use.

Binding assay for Natural, Defined Glycan Microarray
The principle of the binding assay on the natural glycan microarray is the same as on the
CFG glycan microarray, which includes binding, washing, and scanning steps. However,
when multiple subarrays are printed on a single slide, the procedure is handled differently.
The following protocol uses a biotinylated lectin on a 14-subarray defined glycan
microarray format as an example, but it also applies to other printing formats.

For multi-panel experiment on a single slide, a multi-chamber adaptor is fixed on the slide to
separate a single slide into 14 chambers sealed from each other during the assay. This allows
for multiple assays to be performed simultaneously on up to 14 identical subarrays on the
same slide. Sample (for example, biotinylated lectin, 50–100 μL) is applied into each
chamber and the incubation is carried out on a shaker at 60 rpm for 1 hour. If some
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subarrays on one slide are not used, the slide can be saved at −20°C and the unused
subarrays can be used at a later time.

Materials
Biotinylated lectin (commercially available, ex. Vector Labs)

Alexa Fluor-488-Streptavidin (Invitrogen)

Natural, defined glycan array printed slides, printed on one side of the slide, 14 identical
subarrays per slide

DO NOT TOUCH THE PRINTED AREA

Multi-chamber adaptor

Vacuum suction with clean pipette tips

Rotating shaker

100 ml Coplin jar for washing slides

Tris-HCl (Fisher Scientific, BP152-1)

NaCl (Fisher Scientific, S271-3)

CaCl2 (Fisher Scientific, C79-500)

MgCl2 (Fisher Scientific, BP214-500)

Potassium Phosphate Monobasic (Fisher Scientific, P285-3)

dH2O

BSA (Fisher Scientific, Bp1600-100)

Tween-20 (EMD Biosciences, 655205)

ProScanArray Scanner (Perkin Elmer)

ScanArray quantitation software (Scanarray Express, Perkin Elmer or Imagene,
Biodiscovery)

Buffers (see Basic Protocol 1 for buffer preparation)
TSM = 20mM Tris-HCl, pH 7.4 150mM NaCl, 2mM CaCl2, 2mM MgCl2
TSM Wash Buffer (TSMWB) = TSM Buffer + 0.05% Tween-20

TSM Binding Buffer (TSMBB) = TSM buffer + 0.05% Tween-20 + 1% BSA

Protocol
1. Make working stocks of washing buffers (TSM, TSMWB, TSMBB, and H2O) or

collect reagents and bring to room temperature if they have been in the refrigerator.

2. Prepare 100 μl of sample by diluting biotinylated lectin in TSMBB to an
appropriate final concentration required for the analysis. For lectins, a beginning
concentration of 10 ug/ml should give ample binding, and can be diluted to
demonstrate specificity.

3. Remove slide from −20°C and place in a room temperature desiccator to allow
slides to warm in a dry environment for at least 30 minutes.

4. Affix multi-chamber adaptor to slide surface.
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DO NOT TOUCH PRINTED AREAS OF SLIDE

5. Hydrate each subarray to be assayed by placing 100 μl of TSMWB in each
chamber for 5 minutes at room temperature on the rotating shaker.

6. Remove the TSMWB by vacuum suction or pipetting the liquid out of each
chamber.

7. Carefully apply ~100 μl of sample (prepared in step 2) to the appropriate chamber.

8. Cover the chambers with parafilm or a plastic adhesive cover to prevent
evaporation during incubation.

9. Incubate slide on the rotating shaker at 60 rpm for 1 hour at room temperature.

10. After 1 hour incubation, remove slide from shaker and remove cover.

11. Remove sample from each chamber by vacuum suction or pipetting.

12. Wash each chamber by adding 200 μl TSMWB 4 times and 200 μl TSM 4 times,
removing the buffer after each wash.

13. Add ~100 μl of Streptavidin-AlexaFluor-488 in TSMBB at the appropriate amount
(ex. 5 ug/ml) to each chamber.

14. Cover the chambers with parafilm or a plastic adhesive cover.

15. Incubate slide on the rotating shaker for 1 hour at room temperature.

16. After 1 hour incubation, remove slide from shaker and remove cover.

17. Remove sample from each chamber by vacuum suction or pipetting.

18. Wash each chamber by adding 200 μl TSMWB 4 times and 200 μl TSM 4 times,
removing the buffer after each wash.

19. Remove the multi-chamber adaptor and rinse the slide in a Coplin jar of 100 mL
dH2O.

20. Spin slide in slide centrifuge for ~ 15 seconds or remove water under a gentle
stream of nitrogen.

21. Scan slide with a fluorescent scanner at the appropriate wavelengths

For Alexa Fluor 488-labeled streptavidin, scan with 488 nm lamp. Save the image.

22. Process the slide with appropriate quantitation software.

Anticipated Results—The data output is essentially the same as that described for CFG
glycan microarray. Shown in Figure 4 is an example of biotinylated SNA at 10 μg/ml
binding to a natural glycan array comprised of 52 GAEABs as previously described (Song,
X., Xia, B., et al. 2009). The structures of the bound glycans are indicated and all possess
the NeuAcα2-6Galβ1-4 determinant known to be recognized by SNA.

Commentary
Background Information

The specificities of Glycan Binding Proteins (GBPs) can be determined in a high throughput
format using microarrays of defined glycans, and the utility of this approach is in direct
proportion to the number and variety of the glycans available on the array. A public glycan
microarray is available as an investigator-driven resource, where thousands of glycan arrays
and been used to analyze hundreds of GBPs. The National Institute for General Medical
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Sciences (NIGMS) funded the CFG and data are available to the public at
http://www.functionalglycomics.org. In this unit we have briefly described protocols
generally used by the Glycan Array Synthesis Core (Core D) and the Protein-Glycan
Interaction Core (Core H) of the CFG to prepare glycan arrays and interrogate them with
GBPs.

Analyzing protein-carbohydrate interactions using assays involving binding of protein to
immobilized glycans is a well-established approach; however, the miniaturization of this
process to be able to analyze binding of a GBP to hundreds of glycans in a single experiment
was an outgrowth of genomic and proteomic analyses based on microarrays, which
revolutionized studies of protein-glycan interactions and has resulted in the discovery of
new GBP functions (Stowell, S.R., Arthur, C.M., et al. 2010, Stowell, S.R., Arthur, C.M., et
al. 2008), new paradigms in anti-glycan antibodies (von Gunten, S., Smith, D.F., et al.
2009), the specificities of anti-glycan antibodies (Luallen, R.J., Agrawal-Gamse, C., et al.
2010), bacterial toxins (Byres, E., Paton, A.W., et al. 2008, Chen C, Fu, Z., et al. 2009,
Dingle, T., Wee, S., et al. 2008), plant lectins (Gourdine, J.P., Cioci, G., et al. 2008,
Subramanyam, S., Smith, D.F., et al. 2008) and virus binding (Amonsen, M., Smith, D.F., et
al. 2007, Kumari, K., Gulati, S., et al. 2007). Natural glycan arrays comprised of glycans
tagged with bifunctional fluorescent labels that are suitable for printing on arrays are being
developed to expand the repertoire of glycans for interrogating with GBPs.

Critical Parameters, interpreting data, and troubleshooting
Critical parameters, in addition to the necessity of a large number of glycan structures for
obtaining quality data from glycan microarrays, include using the appropriate printing
techniques for the samples and printing consistent arrays. The purity, diversity, and integrity
of the compounds being printed are critical to producing a useful, reliable array. The quality
and activity of the GBP being interrogated is also crucial to generating usable data. If the
proteins are degraded, inactive, not pure, or are unable to be detected with the chosen
detection system, a ‘negative’ or ‘inconclusive’ result could be falsely obtained. Often,
unknown factors including inappropriate pH, temperature, incubation time, buffer
composition, etc. may contribute to the lack of binding to the glycan array. This can be
especially critical with virus samples, which often require 4°C for binding to avoid activity
of surface neuraminidase in certain strains, which can remove the sialic acid from the
glycans. Some samples may require other cofactors, such as higher amounts of calcium,
addition of zinc, or an entirely different buffer or pH. Since the optimal conditions are often
not known before testing samples on the array, optimization can be difficult.

Interpreting data is a time-consuming process that requires careful inspection of the bound
and unbound structures as well as the relative binding of closely related glycan structures.
Evaluation of binding profiles from analyses at decreasing concentrations of GBP are
particularly useful in ranking glycans with respect to their relative binding strengths. Such
evaluations give a clearer picture of specificity of the GBP interaction. The overall signal
intensity can be important, but the relative binding of one glycan to another is often more
informative. The degree of variability in binding to a single glycan should be monitored.
This variability is measured by calculating the standard deviation of the average of the 4
spots, and the calculated %CV (100 × STDEV/MEAN). If the %CV is high (>20–40%), the
results for binding may not be reliable, and if the %CV is >50%, the data should be
disregarded. It is unfortunate that in many cases there are no positive controls for a GBP
whose glycan binding properties are unknown so a negative result is difficult to interpret.
The protein could be inactive or its glycan ligand may not be on the array. Cocktails of
lectins with known specificities are use to evaluate the validity of the array, and every
printed batch of slides is quality controlled using the cocktail. However, the lectins can also
be added to any slide after a negative result is obtained to show that the glycan array itself is
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not the reason for lack of binding. Control samples for which binding is known on the array
(antibodies, etc.) can also be added to confirm that secondary reagents, etc. are in working
order. If all parameters on the glycan array are working, then the lack of binding is likely
due to sample inactivity, suboptimal conditions, or simply the absence of the glycan-ligand
from the tested array. When positive data is seen on the glycan array, it should be further
validated by other assays to confirm binding. For example, if a glycan is bound by a GBP,
the same glycan structure can be obtained and tested by ELISA to show that the sample can
bind the glycan in an alternate format. The glycan array should be viewed as a screening
technique and one of several experimental methods to prove the interactions of GBPs with
glycan ligands.

Issues related to troubleshooting the printing process are beyond the scope of this unit, but
some of the problems associated with analyzing the glycan array include: high background,
uneven background, no signal from sample, missing spots (not all of the replicates are
showing), no signal from biotin alignment spots, uninterpretable images, and other variables.
Table 3 discusses some of these challenges and possible causes and solutions.

Anticipated Results
Glycan microarrays are a new concept in the analysis of protein-carbohydrate interactions
and the quality of results may improve as better printing and assay technologies are
developed. A key feature is ability to generate a constant array with respect to quantity of
glycan printed. Although there is generally some variability in the process of printing
hundreds of slides containing hundreds of glycans per slide, analyses are generally carried
out on slides from the same printing batch and at several different GBP concentrations to
accommodate these variables. The CFG glycan microarray is printed using a contact printer
and after more than 5 years of use as a publically available resource, we are unaware of any
documented examples of studies of GBP specificities that were mis-assigned based on data
from this format. In most cases the assays generate strong signals up to >50,000 Relative
Fluorescence Units (RFU) where background (no binding) is close to zero. Specific binding
patterns are generally obvious if homogeneous samples and in some cases only a few target
glycans with highly related structures are bound by a specific GBP. In cases where binding
is low with high imprecision (%CV>30%), the data are classified as inconclusive. Such
results are generally associated with inactive protein preparations, problems with the
detection systems or absence of the glycan ligand on the array.

Time Considerations
Printing the microarray slides requires the design and layout of the array and the time
required will depend on the complexity and number of glycans to be printed, and can take
several days to prepare the source plate containing the target glycans. Actual printing time of
the defined CFG array containing >500 glycan target at replicates of n=6 using a contact
printer is a matter of hours and including the reaction time, blocking and washing steps 100
slides can be produced and 2 to 3 days. Piezo-electronic printing, which is limited by the
availability of only 4 to 8 capillaries, requires significantly more time. For example, 5 slides
printed with 14 subarrays of 100 glycan targets in replicates of 4 requires about 8 hours.
Thus, including the reaction time, blocking and washing steps, 5 slides (70 arrays) can be
produced in 2 to 3 days. The quality control steps can take 1–3 days, depending on the
number of different controls being used to ensure the quality of the slides.

The assay time on the printed slides varies by the type of sample and the method of
detection. For directly labeled samples that require only a 1 hour incubation, as described for
a labeled virus, the total assay time is only about 2 hours. For each additional step that is
needed (for example, 1 additional step for monoclonal antibodies), about 1 hour 30 minutes
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can be added to the 2 hours. Analysis of the fluorescent signal in the scanning equipment
requires only a few minutes for actual scanning, but the analysis of the image can take some
time depending on the quality and quantity of signal obtained. In most analysis software the
spots must be aligned to the grid manually, followed by quantitation of the amount of signal.
An average analysis time is about 30 minutes per slide. Once the data are processed to
histograms and tables of structures ranked in order of binding strengths to look for patterns
of binding or glycan-binding motifs. Considerable time is required for inspecting the glycan
structures and comparing the relative binding strengths of related structures and comparing
them to the structures that were not bound. This process can also be lengthy depending on
the complexity of the output, but is necessary to define an accurate binding motif.
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Figure 1.
Con A binding to the CFG glycan array. The top panel is an image of fluorescently detected
Con A binding to the glycan array slide. The replicates of one set of 6 spots, corresponding
to one glycan, are noted. The bottom panel is a histogram of quantified Con A binding to the
glycan array, where the x-axis is the chart number (glycan number) and the y-axis is relative
fluorescent units (RFU).
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Figure 2.
Preparation of natural glycan microarrays. After isolating the glycans from a natural source,
they are labeled with a bifunctional fluorescent dye (ex. AEAB), captured on a glass slides,
and interrogated by glycan binding proteins (GBPs).
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Figure 3.
Schematic of natural, defined glycan array printed with 14 identical subarrays per slide. The
multi-chamber adaptor can be place over the slide surface to create 14 individual chambers
for 14 different, simultaneous assays. In this example, each of the 40 glycans is printed in
replicates of 4. In some cases, the printed compounds include controls such as
glycopeptides, biotin, etc.
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Figure 4.
The binding of biotinylated SNA to a natural glycan array containing 52 GAEABs and 4
controls. After obtaining a fluorescent image of the biotinylated SNA bound by cyanine5-
streptavidin, binding is quantified and displayed as a histogram of the average RFU bound to
each glycan. The 8 glycan structures that were bound by SNA are displayed next to their
respective peak.
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