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Abstract

Glycan binding proteins (GBPs) possess the unique ability to regulate a wide variety of biological
processes through interactions with highly modifiable cell surface glycans. While many studies
demonstrate the impact of glycan modification on GBP recognition and activity, the relative
contribution of subtle changes in glycan structure on GBP binding can be difficult to define. To
overcome limitations in the analysis of GBP-glycan interactions, recent studies utilized glycan
microarray platforms containing hundreds of structurally defined glycans. These studies not only
provided important information regarding GBP—glycan interactions, but have also resulted in
significant insight into the binding specificity and biological activity of the galectin family. We
will describe the methods used when employing glycan microarray platforms to examine galectin—
glycan binding specificity and function.
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1 Introduction

Members of the galectin family of carbohydrate binding proteins have been implicated in a
wide variety of biological processes including roles in cell signaling, development, and
immunity [1-3]. While galectins initially reside within the cytosol where they can regulate
various intracellular processes [4-6], most documented activities of galectin family members
reflect modulation of cellular behavior following release from cells, where they recognize
and crosslink highly modifiable cell surface carbohydrates [3, 7, 8]. Although all galectins
share a common affinity for B-galactose terminating carbohydrate structures, variations
within the carbohydrate-binding domains of individual galectin family members can lead to
differential binding following p-galactose modification [9-11]. Thus, knowledge of the
specific binding preferences of individual galectins can provide significant insight into the
function and regulatory activity of this protein family.

Various methods have been employed to determine the binding preferences of galectins.
Early studies utilized simple monosaccharides, typically in the setting of hemagglutination
inhibition assays, to understand general binding preferences of glycan binding proteins
(GBPs), including individual members of the galectin family [12-14]. These early studies
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suggested that galectins typically recognize terminal p-galactoside-containing glycans,
although the fine specificity for these ligands and the potential impact of p-galactose
modification appeared to differ between individual family members [14, 15]. Subsequent
studies utilized a variety of biochemical assays, including isothermal calorimetry,
fluorescence polarization, surface plasmon resonance, and frontal affinity chromatography
[10, 11, 16-18]. These approaches often used expanded libraries of glycans, which not only
contributed to a greater understanding of galectin-carbohydate binding properties, but also
provided significant insight into the thermodynamics of galectin—glycan interactions [17,
18].

In an effort to expand on previous findings [12-14, 19], several groups began to generate
larger libraries of test glycans [20-22]. These libraries typically contained combinations of
naturally occurring and uniquely modified glycans designed to specifically elucidate the
binding specificity of GBPs [20, 21, 23-25]. Although these libraries can be utilized in a
variety of formats, glycan microarrays allow interrogation of hundreds of structurally
distinct glycans while employing small amounts of target glycan and test GBPs [10, 18, 26,
27]. As synthetic limitations may reduce the overall breadth of a particular glycan library,
recent strategies also generated glycan microarrays from glycans directly harvested from
natural sources [24, 25, 28-34]. Using a combined approach of different glycan microarray
strategies, significant insight into galectin—glycan binding specificity and overall biological
function can be obtained [11, 16, 35-39].

In this work we will discuss the methods used for examining galectin-glycan binding
specificity using a glycan microarray format. The potential limitations and impact of
galectin concentration on glycan microarray results and analysis will also be explored. Given
the utility of this tool, not only in elucidating the binding specificity, but also in facilitating
the discovery of previously unrecognized biological activities of individual members of the
galectin family [11, 37, 39], additional studies using various glycan microarray approaches
will likely continue to provide significant insight into the biochemical and biological roles of
galectins and other GBPs.

2 Materials

2.1 Galectin Preparation

1. Lactosyl-sepharose (Sigma-Aldrich).

2. Isopropyl B- D -1-thiogalactopyranoside (IPTG) (Thermo Scientific).
3. Phosphate Buffered Saline (PBS) (Hyclone).

4. Lactose (Fisher).

5. p-mercaptoethanol (BME) (Fisher).

6. CelLytic B-11 Bacterial Cell Lysis/Extraction reagent (Sigma).

7. Complete Mini EDTA-free Protease Inhibitor cocktail tablets (Roche).
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Lysozyme (Sigma Aldrich).

RNase (Thermo Scientific).

. DNase (Thermo Scientific).

. Sodium Azide (Sigma Aldrich).
Tris Base.

Glycine.

Sodium Dodecyl Sulfate.

Loading buffer (Thermo Scientific).

Broad Range STD Molecular Weight Markers (Santa Cruz).

Coomassie staining solution (Life Technologies).
Methanol.

Glacial Acetic Acid.

1.7 mL snap cap microcentrifuge tube (Sigma-Aldrich).
2 L Erlenmeyer flask.

50 mL Erlenmeyer flask.

. 1 L centrifuge bottles.

Special Equipment—25. Centrifuge.

26

27

28

. Sonicator.
. Fraction collector (BioRad).

. Gel apparatus including voltage source.

4-20 % or 16 % Tris-Glycine Gel (10 Well) (Life Technologies).

Page 3

Buffers—29. Lysis Buffer = (for 1 L of culture) Use 10 mL of CelLytic B-11 Bacterial Cell
Lysis/Extraction reagent, 14 mM B-Mercaptoethanol (BME), one Complete Mini EDTA-free
Protease Inhibitor cocktail tablet, Lysozyme (1 mg), RNase with a stock of 10 mg/mL (10
pL) and DNase with a stock of 10 mg/mL (10 pL).

30

31. Elution Buffer = (1 L) 1x PBS, 14 mM BME and 100 mM Lactose (36 g).

. Wash Buffer = (1 L) 1x PBS with 14 mM BME.
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32. Column Storage Buffer = (total volume 500 mL) 1x PBS w/0.02 % Azide, 14 mM BME.

33. 1x Electrophoresis Buffer = 3 g Tris Base, 14.4 g Glycine and 1 g Sodium Dodecy!
Sulfate in total volume of 1 L dH,0.

34. Destain Solution = 40 % Methanol and 10 % Glacial Acetic Acid in dH50.

2.2 Galectin Derivatiztion
1. PD10 column (GE Healthcare).

2. PBS (Hyclone).

3. NHS-LC-Biotin (Thermo-Scientific).
4. Lactose (Fisher).

5. B-mercaptoethanol (Fisher).

6. Lactosyl-sepharose (Fisher).

2.3 Glycan Array Screening

1. Glycan printed slides (NIH Consortium for Functional Glycomics Core D), printed on the
side of the slide with the white etched bar code and black marks—DO NOT TOUCH THIS
AREA.

2. Cover slips, 24 x 50 (Fisher scientific).

3. Humidified Slide processing chambers (Fisher), or homemade system made with Petri
Dish, with wet paper towels in the bottom of the chamber.

4. 100 mL Coplin jars for slide washing.

5. Tris—HCI.

6. NaCl.

7. CaCl,.

8. MgCl,.

9. Potassium Phosphate Monobasic.

10. dH,0.

11. BSA (Fisher scientific).

12. Alexa Fluor-488-Streptavidin (Invitrogen).

13. Tween-20 (EMD Biosciences).
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Special Equipment—14. ProScanArray Scanner (Perkin Elmer).

Buffers—15. TSM = 20 mM Tris-HClI, pH 7.4, 150 mM NaCl, 2 mM CaCly, 2 mM
MgC|2.

16. TSM Wash Buffer (TSMW) = TSM Buffer + 0.05 % Tween-20.

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

3.1 Galectin Preparation

1. In a laminar flow hood pour 10 mL of autoclaved LB Media into a sterile 50 mL
Erlenmeyer flask or other appropriate container. Add 10 pL of Ampicillin (stock 50 pg/mL)
to media (see Note 1).

2. Remove the previously prepared and validated glycerol stock of bacteria transformed with
the appropriate galectin expression vector from the —80 °C freezer and place on ice. Place a
loopful of bacteria into the LB/Amp media to inoculate starter culture.

3. Place cover on flask loosely and incubate overnight at 37 °C, shaking at 250 revolutions
per minute (rpm).

4. Prepare a 2 L Erlenmeyer flask containing 1 L of LB media by adding 20 g of LB Broth
powder in 1 L of dH50 in the flask. Mix well and then autoclave on a 30 min liquid cycle to
sterilize. Following autoclave cycle, remove flask and allow it to cool to room temperature.

5. Place the 2 L Erlenmeyer flask containing 1 L LB media into the incubator/shaker and
allow it to warm to 37 °C before proceeding.

6. Once media is warmed, move media to a culture hood and add 1 mL of Ampicillin (stock
concentration 50 pg/mL) to the 1 L of LB media in each flask (see Note 1).

7. Add 10 mL of starter culture to the flask containing 1 L of sterile LB media and antibiotic
to inoculate cultures.

8. Place cap on flask loosely and incubate shaking for 2-2.5 h at 37 °C and 250 rpm.

9. Check the cultures OD at 600 nm (OD600) using visible light approximately every 30
min. Blank with autoclaved sterile LB Media. When OD600 of each culture reaches between
0.45 and 0.50, induce the bacteria in each culture to express the recombinant galectin by
addition of 0.36 g of IPTG to each flask (see Note 2).

10. Continue IPTG induced growth for 4-5 h at 37 °C and 250 rpm (see Note 3).

Luse the appropriate antibiotic selection protocol based on the antibiotic resistance gene encoded in the expression vector for each
recombinant galectin.

IPTG can be dissolved directly into 10 mL of sterile autoclaved media for each 1 L culture. Use the appropriate inducing agent and
concentration as outlined by the manufacture for the expression vector used to generate recombinant galectin.
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11. Collect bacteria by pouring 1 L of culture into 2 (500 mL in each) clean 1 L plastic
centrifuge bottles. Spin down @ 4,200 x g for 30 min at 4 °C.

12. Pour off the supernatant and place pelleted bacteria at =80 °C. (Pellet can be stored at
—80 °C for up to 2 weeks).

13. Thaw pellets on ice. Add 5 mL of Lysis Buffer to each bottle and resuspend pellets
(homogenization). Let resuspension sit at RT for 30 min or at 37 °C for 15 min (see Note 4).

14. Pool the resuspended pellets in a 250 mL plastic centrifuge bottle on ice and sonicate the
pellets two to three times for 20 s per cycle (see Note 5).

15. Spin the lysate @ 13,000 x g/4 °C for 30 min.

16. Collect the supernatant without disrupting the pelleted cell debris and place on ice.

Purification—17. Prepare the Lactosyl Sepharose column by washing with 10 column
volumes of wash buffer (see Note 6).

18. Apply the supernatant to the column (see Note 7).
19. Collect the supernatant flow through (Sample Flow Through) (see Note 8).
20. Wash the column with 10 more column volumes of Wash Buffer (see Note 9).

21. Elute the recombinant protein by preparing 3 column volumes of Elution Buffer and
adding it to the column.

22. Begin to collect 1-2 mL fractions immediately following addition of Elution Buffer.

23. Take 10 pL from each fraction and dilute tenfold (i.e. 10 puL of each fraction in 90 pL
Elution Buffer). Read the OD of each dilution at OD at 280 nm (OD280) using a
spectrophotometer. Blank with Elution Buffer.

24. Calculate protein concentration using the following equation: OD280 x 10 x extinction
coefficient ratio (see Note 10).

3while induction at 0.4-0.5 OD600 followed by 4-5 h of continued incubation yields optimal galectin production for most galectins,
variations may occur depending on expression vector, galectin stability, and other expression parameters. In these cases, optimal
conditions should be empirically determined.

Use of bacterial lytic reagent when seeking to isolate galectin-2 will results in loss of galectin-2 activity. Instead use PBS when
isolating galectin-2. It should also be noted that several methods of bacterial lysis have been published and employed by our lab. Each
appears to yield relatively similar overall protein amounts.

Although this may help bacterial lysis and appears to increase the ultimate protein yield, this step is not absolutely required when
using the Bacterial lytic reagent.

Assign separate lactosyl sepharose columns for the purification of individual galectin family members and/or mutants to avoid
gotential contamination between galectins when isolating each protein.

Save some of the supernatant to be analyzed by SDS-PAGE as the “Start Material”.
830me of the “Sample Flow Through” will also be analyzed by SDS-PAGE.

Collect the “Wash Flow Through” in case the column capacity is exceeded. Keep the “Wash Flow Through” separate from the
“Sample Flow Through”.

To extrapolate the protein concentration from the OD 280 nm values, use the extinction coefficient for the particular galectin being
examined to calculate actual concentration in mg/mL. The following websites http://www.basic.northwestern.edu/biotools/
proteincalc.html and http://web.expasy.org/protparam/protparam-doc.html, offer explanation and assistance in calculating the
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25. ldentify the peak fractions (the three to five fractions with the highest concentration of
protein as determined by OD280).

26. Prepare samples for an SDS PAGE using 10 uL of the “Start Material” and “Sample
Flow Through” and the volume that equals 2 pg of total protein for each of the “Peak
Fractions”. Use 7.5 pL of 4x Loading Buffer. Bring up the total load volume to 30 pL with
dH,0. Load 30 pL into each well.

27. Use Broad Range STD Molecular Weight Markers (Total load volume should be 10 uL).

28. Over a Bunsen burner, allow a pot of dH,0 to come to a boil. Place samples in the water
and boil for 10 min.

29. Set up gel apparatus and fill with Electrophoresis Buffer.

30. Spin down samples in a table top centrifuge for 5 s before loading on Gel.
31. Load samples into a 4-20 % or 16 % Tris-Glycine Gel (10 Well).

32. Perform SDS-PAGE at 125 V for about 1.5 h.

33. Remove the gel from gel apparatus and stain the gel with Coomassie Stain for 30 min
then de-stain for 2 h with de-stain solution. Verify the “Peak Fractions” are the appropriate
molecular weight. Take a picture of the gel and dry.

34. Once the protein identity is verified by SDS PAGE, pool all of the fractions that contain
galectin protein. Examine protein content by measuring the OD280 of each fraction. This is
typically done by diluting each fraction tenfold (i.e. 10 uL of each fraction in 90 uL PBS)
followed by examination of the OD280. Blank with Elution Buffer.

35. Calculate protein concentration using following equation: OD280 x 10 x extinction
coefficient ratio (see Note 10).

36. Make 500 pL aliquots of the purified galectin protein in 1.7 mL microcentrifuge tubes.
Store aliquots at —80 °C.

3.2 Galectin Biotinylation

1. To remove BME, prepare a PD10 column for gel filtration by equilibration with 5 column
volumes of cold PBS (pH 7.4) (see Note 11).

2. Thaw frozen stock aliquots of galectins at 4 °C.

extinction coefficient and using this calculation to determine the actual concentration of a given protein in mg/mL, including caveats
as to how these numbers may differ from the actual number. As methods of calculating the extinction coefficient only provide
estimates, alternative approaches can be used to empirically determine these values. These include using a Bradford assay to calculate
protein concentration or simply reequilibrating the recombinant protein directly into water, lyophilizing, weighing, and then
resuspending in the buffer of choice followed by empirically determining the extinction coefficients for a particular galectin family

member.

11[3ME can readily inactivate NHS biotin and therefore significantly reduce the efficacy of galectin biotin incorporation.
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3. Add 1 mL of recombinant galectin solution (containing Elution Buffer) to the PBS re-
equilibrated PD10 column and collect 0.5 mL fractions.

4. Following complete penetration of the galectin solution into the PD10 column, add 2 mL
cold PBS.

5. Continue to collect 0.5 mL fractions while adding additional PBS as needed to elute all
protein and prevent the column from drying.

6. To determine which fractions may have galectin protein, examine protein content by
measuring the OD280 of each fraction. This is typically done by diluting each fraction
tenfold (i.e. 10 pL of each fraction in 90 pL PBS) followed by examination of the OD280
(see Note 10).

7. Once positive fractions are identified, pool galectin containing fractions and reevaluate the
0OD280 to determine the final concentration of pooled galectin (see Note 12).

8. Add lactose in PBS at a final concentration of 100 mM to facilitate the maintenance of
galectin activity during the labeling procedure (see Note 13).

9. Add NHS biotin at the concentration recommended by the manufacturer followed by
incubation at RT for 1 h or at 4 °C for 2 h (see Note 14).

10. Remove Lactose and nonreacted NHS biotin by passing the reaction mixture over a new
PD10 column, re-equilibrated with cold PBS, using the same approach as outlined in steps
1-7 above.

11. Once pooled biotinylated galectin fractions are collected and evaluated for concentration,
add BME at a final concentration of 14 mM to sustain galectin activity for the duration of the
additional purification steps and actual experiment (see Note 15).

12. To separate potentially inactive galectin from active galectin, pass pooled biotinylated
galectin over a lactosyl-sepharose column re-equilibrated in PBS containing 14 mM BME.

12Reaction efficiency is typically a function of the concentration of the biotin labeling reagent and the protein. We typically label
galectins at a concentration of >1 mg/mL to optimize labeling efficiency. If the final concentration is not sufficient, galectins can be
readily concentrated using centricon concentrating devices (Millipore) according to the manufacturer’s protocol.

The biotin and galectin reaction mixture will pass over a PD10 column at least once more after the labeling reaction is completed.
Since some galectin can be lost with each pass over a column, it is important to start with sufficient galectin to achieve the required
amount of end product needed to conduct the experiment.

Many different labeling strategies can be employed when seeking to provide a method of detecting recombinant galectin binding.

However, we have found that biotinylation is the least likely to induce inactivation of the galectins following derivatization. In
contrast, several galectins readily loose carbohydrate binding activity following direct labeling with fluorescent adducts. As a result,
care should be taken to determine the potential impact of galectin derivatization on carbohydrate binding activity. The impact of the
reactive label and galectin concentrations and the duration of the labeling reaction, as well as the type of label should be empirically
evaluated to assess the potential impact of the label on galectin activity. Partially denatured, yet labeled, galectin can result in
nonspecific binding on array platforms and therefore result in false positive hits that may significantly impact the interpretation of the
agparent binding preferences for an individual galectin.
LNotall galectins are equally sensitive to oxidative inactivation. For example, Gal-3 does not appear to display significant sensitivity
to oxidative inactivation in the absence of reducing agents. In contrast, Gal-1, Gal-2, and Gal-7 can display significant loss of activity
over time. Other galectins can also lose activity in the absence of reducing conditions, albeit at a reduce rate compared to Gal-1. As a
result, the requirement of BME to maintain galectin activity should be empirically determined for each galectin following the labeling
procedure.
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13. Wash the column with 10 column volumes of PBS containing 14 mM BME.

14. Elute bound protein with PBS containing 14 mM BME and 100 mM lactose. Collect 0.5
mL fractions as soon as the elution buffer is added to the column.

15. Evaluate galectin concentration within each collected fraction by diluting each fraction
tenfold in PBS containing BME and 100 mM lactose (i.e. 10 uL of each fraction in 90 uL
PBS). Be sure to use PBS with BME and 100 mM lactose as a baseline measure of OD280.

16. Once protein-positive fractions are identified, pool galectin containing fractions and
reevaluate the OD280 to determine the final galectin concentration.

17. The degree of biotin incorporation can be evaluated by commonly employed mass
spectrometric analysis, western blot analysis using HRP-streptavidin or by examining
whether engagement of cell surface ligands by biotinylated galectin can be detected using
FITC-streptavidin using standard flow cyto-metric analysis (see Note 16).

18. Once biotinylation is documented on active recombinant galectin, these proteins can then
be analyzed on the glycan microarray.

3.3 Microarray Probing with Biotinylated Galectin

1. Make TSM, TSMW, and TSMBB or bring them to room temperature if they have made
previously and stored at 4 °C.

2. Prepare 100 pL of sample by diluting biotin-labeled galectin protein in TSMBB with 14
mM BME added if needed to maintain galectin activity (see Note 17).

3. Remove slide(s) from desiccator and hydrate by placing in a glass Coplin staining jar
containing 100 mL of TSMW for 5 min.

4. Remove excess liquid from slide by setting the slide upright on a paper towel to drain the
liquid off.

5. Carefully apply 70 uL of sample made in step 2 above close to the left edge of the slide in
between the black marks found on the slide surface.

6. Slowly lower the cover slip onto the slide and gently remove any bubbles trapped between
the slide and cover slip by soft tapping with a pipette tip. Be sure the cover slip stays
between the black marks on the slide since this is the portion of the slide where glycans are
printed.

7. Incubate slide in a humidified tray in the dark for 1 h at RT.

16\while mass spectrometric analysis and western blot approaches may provide a general sense of the degree of protein biotinylation

and the passage of the protein over a column would in theory allow isolation of active protein, examination of cell surface binding by

flow cytometry simultaneously tests whether the galectin is biotinylated and retains gross carbohydrate binding properties.
7Cy5-|abe|ed Streptavidin for aligning subarray grids for analysis can be added as a separate step on the slide before adding galectin.
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8. After 1 h incubation, remove cover slip by turning the slide onto its side and allowing the
cover slip to slip off into the glass trash/biohazard trash.

9. To wash, dip the slide four times into 100 mL of first TSMW and then TSM in Coplin
Jars.

10. Set the slide upright on a paper towel to remove excess TSM buffer.

11. Add 70 pL of Streptavidin-AlexaFluor-488 and apply cover slip as outlined above in
step 6 and incubate in a humidified tray in the dark for 1 h at RT.

12. After 1 h incubation, remove cover slip by turning the slide onto its side and allowing the
cover slip to slip off into the glass trash/biohazard trash.

13. To wash, dip the slide four times into 100 mL of first TSMW followed by TSM and then
dH,O in Coplin Jars.

14. Spin slide in slide centrifuge for ~15 s to remove excess water.

15. Scan in a fluorescent Scanner and obtain mean fluorescent intensities for each glycan
binding event on the array (see Note 18).
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Fig. 1.

Utilization of defined glycan microarrays to elucidate GBP specificity. Libraries of well-
characterized glycans generated by release of defined glycans from glycoproteins or other
natural sources or by chemical or chemoenzymatic synthesis are used to populate well-
defined glycan microarrays. Structures refl ect naturally occurring glycans and modifications
of glycans not typically found in nature. Glycan libraries undergo derivatization with a
functional coupling moiety, followed by printing in a microarray format to generate the
glycan microarray. GBPs are incubated with the glycan microarrays over different
concentrations and detected by fl uorescence emission if directly labeled or by a similarly
labeled suitable secondary detecting agent. While many approaches can be taken to analyze
glycan array data, examination of GBP binding over a variety of concentrations for
individual glycans is shown. This research was originally published in the Journal of
Biological Chemistry [37] with permission from the American Society for Biochemistry and
Molecular Biology
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Fig. 2.
Galectins interact with glycan microarray in a concentration-dependent manner. Gal-8

recognizes distinct classes of glycans. (a and b) Examination of the glycan microarray
followed incubation of the glycan microarray with 6 UM Gal-8 (a) or 0.3 uM Gal-8 (b). (c
and d) Glycan microarray data obtained following incubation with 6 uM Gal-8 (c) or 0.3 uM
Gal-8 (d). d /nset. Legend of symbols for monosaccharides. This research was originally
published in the Journal of Biological Chemistry [37] with permission from the American
Society for Biochemistry and Molecular Biology
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Examination of galectins over a range of concentrations can provide a relative affinity for
individual ligands on the glycan microarray. Trivial names followed by the structures of each
glycan tested are shown. Recognition of each representative glycan is displayed as the
percent bound when compared with the highest bound ligand for each respective galectin
tested in this study. Glycan recognition of O-glycans is shown for Gal-1 (a), Gal-2 (b), and
Gal-3 (c). Glycan recognition of N-glycans is shown for Gal-1 (d), Gal-2 (€), and Gal-3 (f).
(g) Legend of symbols for monosaccharides. This research was originally published in the
Journal of Biological Chemistry [16] with permission from the American Society for
Biochemistry and Molecular Biology
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