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[Abstract] Diverse cytoplasmic and nuclear proteins dynamically change their molecular functions by 

O-linked β-N-acetylglucosamine (O-GlcNAc) modification on serine and/or threonine residues. 

Evaluation of the O-GlcNAcylation level of a specific protein, however, needs multiple and time-

consuming steps if using conventional methods (e.g., immune-purification, mass spectrometric analysis). 

To overcome this drawback, we developed the following easy and rapid method for detection of O-

GlcNAcylated proteins of interest. An O-GlcNAc affinity gel layer containing wheat germ agglutinin 

(WGA), a GlcNAc-specific lectin, selectively induces retardation of the mobility of O-GlcNAcylated 

proteins during electrophoresis. This WGA-layer thereby separates O-GlcNAcylated and non-modified 

forms of proteins, allowing the detection and quantification of the O-GlcNAcylation level of these proteins. 

This new method therefore provides qualitative and quantitative analysis of O-GlcNAcylated proteins in 

a relatively shorter time compared to conventional methods. 
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[Background] O-linked β-N-acetyl-glucosamine modification (O-GlcNAcylation) is one of the known 

protein post-translational modifications (PTMs) that regulate various properties of proteins such as their 

stability, subcellular localization, and catalytic activity. O-GlcNAcylation is the result of a reaction in which 

a single-sugar, N-acetylglucosamine (GlcNAc), is conjugated to the hydroxyl moiety of a serine or a 

threonine residue of cytoplasmic and nuclear proteins, thereby dramatically altering the molecular 

functions of these proteins (Yang and Qian, 2017). O-GlcNAcylation is dynamically and reversibly 

regulated by only two enzymes: O-GlcNAc transferase (OGT) and O-GlcNAcase (OGA) (Hanover et al., 
2012; Ruan et al., 2013). OGT catalyzes the addition of a GlcNAc moiety from a uridine diphosphate 

(UDP)-GlcNAc to target proteins, while OGA removes O-GlcNAc from the modified proteins. Since both 

O-GlcNAcylation and phosphorylation occur at serine and threonine residues, these two types of PTMs 

are mutually exclusive on the same target site. Indeed, various cellular proteins have been demonstrated 

to show dynamic crosstalk between O-GlcNAcylation and phosphorylation (Hu et al., 2010). Despite 

advances in understanding the importance of O-GlcNAcylation in diverse physiological processes, 

stoichiometric analysis of only a few O-GlcNAc proteins has been reported. The main reasons for such 

few reports are the high cost and the time-consuming processes required by conventional methods for 

quantification of protein O-GlcNAcylation (Rexach et al., 2010; Shen et al., 2012). In addition, the O-
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GlcNAc moiety tends to be released from the modified peptide in collision-induced dissociation (CID) in 

mass-spectrometric analysis (Chalkley et al., 2001), which limits evaluation of the O-GlcNAcylation level 

of a specific protein by using this method. Hence, the development of novel methods for quantitative 

analysis of protein O-GlcNAcylation remains an important challenge. 

  To overcome this drawback, we have established a novel technique for the separation of cellular O-

GlcNAcylated proteins by incorporating wheat germ agglutinin (WGA), a lectin from Triticum vulgaris, 
into an electrophoretic gel (Aub et al., 1965). WGA has multiple GlcNAc-binding sites (Wright, 1987 and 

1992), and the dimerized form of this protein is highly resistant to protein denaturing conditions including 

acidic environments, chaotropic agents, and high temperature (Rodríguez-Romero et al., 1989; 

Chavelas et al., 2004). In addition, WGA has been used as an effective tool for the analysis and 

purification of O-GlcNAc proteins. For example, horseradish peroxidase (HRP)-conjugated WGA can be 

utilized as a probe to detect O-GlcNAcylated proteins in Western blotting analysis, and a WGA-agarose 

column can be used for the purification of O-GlcNAcylated proteins from cell extracts (Zachara et al., 
2011). Here, we describe a new electrophoretic method, termed WGA-SDS-PAGE, that separates O-

GlcNAcylated and unmodified proteins, thereby allowing the detection and quantification of O-

GlcNAcylated proteins (Figure 1) (Kubota et al., 2017). 

 

 
Figure 1. Schematic of the principle of WGA-SDS-PAGE. A whole cell lysate contains proteins 

with different O-GlcNAcylation levels. As the O-GlcNAcylated proteins pass through the WGA-

copolymerized acrylamide gel layer, their migration is retarded depending on their O-GlcNAc level 

because the O-GlcNAc residues interact with the immobilized-WGA. Thus, the higher the O-GlcNAc 

level of the modified protein, the slower it migrates in the subsequent separating gel. 
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Materials and Reagents  

 

1. Microcentrifuge tubes (FCR&Bio, catalog number: MPF-150C) 

2. Disposable pipettes (VWR, catalog number: 89130-396-898/900) 

3. Tips (BMBio, catalog number: BIO1000RF, BMT-200LYRS) 

4. 15 ml and 50 ml conical tubes (VIOLAMO, catalog number: 1-3500-21, 1-3500-22) 

5. Cell scraper (NIPPON Genetics, catalog number: TR9000) 

6. 35 mm cell culture dishes (Thermo Scientific, catalog number: 130180) 

7. Whatman cellulose chromatography papers 3MM Chr sheets (Whatman, catalog number: 3030-

917)  

8. Amersham Protran Premium 0.45 NC nitrocellulose Western blotting membranes (GE 

Healthcare, catalog number: 10600034) 

9. Protein G-sepharose beads (GE Healthcare, catalog number: 17061801) 

10. Paper towel (Elleair, catalog number: 703153) 

11. Filter paper 

12. HEK293 cells (ATCC, catalog number: CRL-1573)  

13. Anti-HA antibody (Santa Cruz, catalog number: sc-7392) 

14. Anti-Myc antibody (Santa Cruz, catalog number: sc-40) 

15. Anti-Flag antibody (Sigma, catalog number: F1804) 

16. Anti-GlcNAc antibody (Santa Cruz, catalog number: RL2, sc-59624) 

17. Anti-Actin antibody (Wako, catalog number: 013-24553) 

18. Anti-OGT antibody (Abcam, catalog number: ab96718) 

19. Anti-Nup62 antibody (Santa Cruz, catalog number: sc-25523) 

20. Anti-AGFG1 (Arf-GAP domain and FG repeat-containing protein 1) antibody (Abcam, catalog 

number: ab86349) 

21. HRP-conjugated secondary antibodies  

Anti-mouse (GE Healthcare, catalog number: NA931-1 ml) 

Anti-rabbit (GE Healthcare, catalog number: NA934-1 ml) 

22. Sodium deoxycholate (DOC) (Sigma, catalog number: D6750) 

23. O-(2-Acetamido-2-deoxy-D-glucopyranosylidenamino) N-phenylcarbamate (PUGNAc) (Sigma, 

catalog number: A7229) 

24. Thiamet-G (TMG) (Cayman, catalog number: 13237) 

25. Phenylmethylsulfonyl Fluoride (PMSF) (NACALAI TESQUE, catalog number: 27327-94) 

26. Aprotinin from Bovine Lung (NACALAI TESQUE, catalog number: 03346-84) 

27. Leupeptin Hemisulfate (NACALAI TESQUE, catalog number: 20454-76) 

28. Phosphate Buffered Saline (PBS) (10x) (pH 7.4) (NACALAI TESQUE, catalog number: 27575-

31) 

29. Ammonium peroxodisulfate (APS) (Wako, catalog number: 012-20503) 
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30. N,N,N',N'-Tetramethylethylenediamine (TEMED) (NACALAI TESQUE, catalog number: 205-

06313) 

31. 2-Butanol (s-Butyl Alcohol) (NACALAI TESQUE, catalog number: 06101-55) 

32. Skim milk powder (Wako, catalog number: 190-12865) 

33. Bio-Rad Protein Assay Dye Reagent Concentrate (Bio-Rad Laboratories, catalog number: 

5000006ja) 

34. DMEM (1.0 g/L Glucose) with L-Gln and Sodium Pyruvate, liquid (NACALAI TESQUE, catalog 

number: 08456-65) 

35. 200 mM L-Glutamine Stock Solution (NACALAI TESQUE, catalog number: 16948-04) 

36. Penicillin-Streptomycin Mixed Solution (100-fold concentrated stock) (NACALAI TESQUE, 

catalog number: 09367-34) 

37. WGA protein (J-OIL MILLs, catalog number: J120) 

38. Enhanced chemiluminescence (ECL) Western Blotting Detection Reagents (GE Healthcare, 

catalog number: RPN2109) 

39. ECL prime Western Blotting Detection Reagent (GE Healthcare, catalog number: RPN2232) 

40. Albumin, Bovine Serum, Globulin Free (Bovine Serum Albumin) (BSA) (NACALAI TESQUE, 

catalog number: 01281-84) 

41. Pre-stained Protein Markers (Broad Range) for SDS-PAGE (NACALAI TESQUE, catalog 

number: 02525-35) 

42. HRP-Conjugated Succinyl WGA (sWGA) (EY-laboratories, catalog number: H-2102-1) 

43. 2-Amino-2-hydroxymethyl-1,3-propanediol 999 (Tris) (Wako, catalog number: 011-16381) 

44. Hydrochloric Acid (HCl) (35%) (NACALAI TESQUE, catalog number: 18321-05) 

45. Ethylenediamine-N,N,N',N'-tetraacetic acid, disodium salt, dehydrate (EDTA) (Dojindo, catalog 

number: N001) 

46. Sodium Chloride (NaCl) (NACALAI TESQUE, catalog number: 31320-05) 

47. Triton X-100 (NACALAI TESQUE, catalog number: 35501-15) 

48. Glycerol (NACALAI TESQUE, catalog number: 17018-83) 

49. 2-Mercaptoethanol (NACALAI TESQUE, catalog number: 21438-82) 

50. Sodium dodecyl sulfate (SDS) (NACALAI TESQUE, catalog number: 31606-75) 

51. Bromophenol blue (BPB) (NACALAI TESQUE, catalog number: 05808-61) 

52. Glycine (NACALAI TESQUE, catalog number: 17109-64) 

53. Methanol (NACALAI TESQUE, catalog number: 21915-93) 

54. Polyoxyethylene Sorbitan Monolaurate (Tween-20) (NACALAI TESQUE, catalog number: 

35624-15) 

55. 30% (w/v)-Acrylamide/Bis Mixed Solution (37.5:1) (NACALAI TESQUE, catalog number: 06144-

05) 

56. X-tremeGENE 9 DNA transfection reagent (Sigma, catalog number: 06365809001) 

57. FCS 

58. Stock cell lysis buffer (see Recipes) 
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59. 5x SDS-PAGE loading buffer (see Recipes) 

60. Stock Separating gel buffer (see Recipes) 

61. Stock Stacking gel buffer (see Recipes) 

62. Transfer buffer (see Recipes) 

63. 10x Running buffer for electrophoresis (see Recipes) 

64. TBST (see Recipes)  

65. Primary antibody solution (see Recipes) 

66. Secondary antibody solution (see Recipes) 

 

Equipment 

 

1. P1000, P200, and P20 pipettes (Gilson, catalog numbers: F123602, F123601, F123600) 

2. Glass plates for electrophoresis (Nihon-Eido, catalog number: NA-1000-3, NA-1000-4) 

3. Clips (Nihon-Eido, catalog number: NA-1000-15) 

4. Gel comb (Biocraft, catalog number: NO-MC141) 

5. Cell culture incubator (Panasonic, model: MCO-19AIC) 

6. Freezer (Panasonic, model: MDF-U700VX) 

7. Vortex mixer (M&S Instruments, model: VORTEX-GENIE 2 Mixer) 

8. Desktop shaker (TAITEC, model: Wave-SI) 

9. PowerPac Universal Power Supply (Bio-Rad Laboratories, catalog number: 1645070JA) 

10. Transfer devices for electrotransfer of proteins in a polyacrylamide gel (Biocraft, catalog number: 

BE350) 

11. Mini-type electrophoresis apparatus (gel thickness, 1 mm; Nihon-Eido) 

12. Micro Refrigerated Centrifuge (KUBOTA, model: 3740) 

13. Digital systems for imaging and analyzing Western blotting (FUJIFILM, model: LAS-1000 Plus 

and Image Gauge) 

14. Rotator (EYELA, model: MBS-1) 

 

Procedure 

 

A. Preparation of cell lysates for electrophoresis 

1. Grow HEK293 (ATCC, catalog number: CRL-1573) cells on a 35 mm dish (2-5 x 105 cells) in  2 

ml of DMEM containing 10% FCS, 2 mM L-Glutamine and 100-fold diluted Penicillin-

Streptomycin. 

2. At 70%-90% confluence, aspirate the culture medium from each well and wash the cells with 

2 ml of ice-cold PBS. 

3. After aspirating PBS, add 200 μl lysis buffer to each well and collect the cells using a cell scraper 

on ice. 
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Note: Before harvesting cells, the following chemicals are added to the stock lysis buffer to make 
the indicated final concentrations: 0.5% DOC; 50 μM PUGNAc; 10 μM TMG; 1 mM PMSF; 10 

μg/ml aprotinin; and 10 μg/ml leupeptin. 
4. After harvesting, vortex the cells vigorously and centrifuge at 15,000 x g for 15 min at 4 °C and 

then transfer the supernatant to a new tube. 
Note: The cell lysates should be stored at -80 °C. Aliquots should be made for multiple assays. 

5. Measure the protein concentration of each sample by the Bradford method using the Bio-Rad 

protein assay kit. 

6. Mix 5x SDS-PAGE loading buffer with each sample (about 10-20 μg) to a final 1x concentration. 

7. Boil for 4 min at 100 °C and centrifuge briefly at room temperature (R.T.). 

 

B. Immuno-purification of Myc-tagged proteins 

1. Transfect pcDNA3 plasmids encoding Myc-tagged proteins into cells using the X-tremeGENE 9 

DNA transfection reagent according to the manufacturer’s procedure. Twenty-four hours after 

transfection, change the culture medium. 

2. After an additional incubation at 37 °C for 24 h, wash the cells with ice-cold PBS and harvest 

them with 200 μl lysis buffer on ice. 

3. Centrifuge the cell lysate at 15,000 x g for 15 min at 4 °C and then transfer the supernatant to 

a new tube. 

4. Add 30 μl of protein G-sepharose beads (pre-washed with lysis buffer, 50% slurry) to the whole 

cell lysate and rotate for 1 h at 4 °C. 

5. Centrifuge at 3,500 x g for 1 min at 4 °C and then transfer the supernatant to a new tube. 

Note: The pre-clearing Steps B4-B5 help to lower the background signal in immunoblotting by 
depleting proteins that nonspecifically bind to beads. 

6. Add 1 μg of anti-Myc antibody to the pre-cleared supernatant and incubate for 3 h at 4 °C with 

gentle rotation. 

7. Add 40 μl of protein G-sepharose beads (pre-washed with lysis buffer, 50% slurry) and then 

rotate for 1 h at 4 °C. 

8. Centrifuge at 3,500 x g for 1 min at 4 °C. 

9. Aspirate the supernatant and wash the precipitated beads with 1 ml of lysis buffer containing 

0.1% SDS and 0.5% DOC. 

Note: We usually wash the beads by inverting tubes. 
10. Repeat the washing Steps B8-B9 three times in total. 

11. Add an appropriate volume (approximately equal to that of the precipitated beads) of water-

diluted 2x SDS-PAGE loading buffer to each sample. 

12. After vortexing, boil the samples for 4 min at 95 °C and centrifuge at 15,000 x g for 1 min at R.T.. 

 

C. Preparation of a WGA-polyacrylamide gel layer 

1. Clamp two glass plates with clips and put in a horizontal position. 
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Note: To confirm that WGA induces the separation of O-GlcNAc proteins, we recommend 
making a standard acrylamide gel at the same time. 

2. To make the 7.5% acrylamide separating gel solution, mix 5 ml of 30% acrylamide solution, 5 

ml of separating gel buffer (see Recipes), 10 ml of deionized water, 90 μl of 10% APS and 30 μl 

of TEMED by gentle inversion. 

Note: We usually use mini-size glass plates [100 mm (W) x 100 mm (L) x 1 mm]. 
3. Pour the separating gel solution (5 ml/plate) between the two glass plates. The height of the 

resulting separating gel will be approximately 5 cm. Layer water-saturated 2-butanol onto the 

surface of the separating gel to make a horizontal gel surface, and incubate the gel for about 20 

min at R.T.. 

Note: The concentration of acrylamide gel should be selected according to the molecular weight 
of the proteins of interest. The following website is useful for the decision of an appropriate gel 
concentration: 
http://www.bio-rad.com/en-jp/category/protein-gel-migration-charts?ID=N3F3TIDN. 

4. After gel polymerization (about 30 min), discard the 2-butanol on the surface of the separating 

gel and wash the top of the gel several times with deionized water. 

5. To make the WGA-polyacrylamide gel solution, mix 0.375 ml of a 10 mg/ml WGA solution (see 

Note), 0.25 ml of a 30% acrylamide solution, 0.25 ml of separating gel buffer, 0.119 ml of 

deionized water, 4.5 μl of 10% APS and 1.5 μl of TEMED by gentle inversion. 
Note: Freshly dissolve the WGA protein (5 mg) in 0.5 ml of 10 mM Tris-HCl (pH 7.5) to give a 
final concentration of 10 mg/ml. Freezing and thawing of the WGA solution decrease the 
separation efficiency of O-GlcNAcylated proteins in the WGA-gel layer. Note the concentration 
of SDS in gels: Under the condition we used, SDS does not greatly affect the binding affinity of 
WGA to GlcNAc. 

6. Pour the WGA-polyacrylamide gel solution onto the top of the separating gel layer (1 ml/plate). 

Layer water-saturated 2-butanol onto the surface of the solution as in Step C3.  

Note: The best experimental conditions for the separation of the O-GlcNAcylated proteins tested 
in this study are a 9 mm-gel length and 3.75 mg/ml of WGA. Note that these values may vary 
for the separation of other O-GlcNAcylated proteins. 

7. After gel polymerization, discard the 2-butanol on the surface of the WGA-polyacrylamide gel 

and wash the top of the gel several times with deionized water. 

8. To make the stacking gel solution, mix 1.5 ml of a 30% acrylamide solution, 2.5 ml of stacking 

gel buffer, 6 ml of deionized water, 90 μl of 10% APS and 30 μl of TEMED. 

9. Pour the stacking gel solution onto the top of the WGA-gel layer (2 ml/plate), and immediately 

insert a gel comb into the stacking gel solution. The resulting stacking gel will be approximately 

1 cm. 

Note: To confirm the WGA-dependent separation of O-GlcNAc proteins, a standard SDS-PAGE 
should also be performed using the same samples used in the WGA-SDS-PAGE experiment. 
The WGA and non-WGA gels can be run in parallel. 
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D. Running of WGA-SDS-PAGE 

1. Load the boiled samples (cooled to R.T.) into the wells of the stacking gel. 

Note: During electrophoresis, the WGA-layer also induces retardation of the mobility of several 
proteins contained in commercially available molecular weight markers, probably because of 
their GlcNAc-modification. Because bacterial cells do not express OGT, bacterially expressed 
recombinant proteins are not modified with O-GlcNAc. Therefore, some bacterially expressed 
recombinant proteins, such as GST and GFP, may be able to be used as molecular weight 
markers in the WGA-SDS-PAGE. 

2. Run the electrophoresis at a constant current of 10 mA/gel at 4 °C until the BPB dye reaches 

the bottom of the separating gel. 
Note: The running time depends on the concentration of polyacrylamide in the WGA and 
separating gels. 

3. After the electrophoresis is completed, wash the separating gel with transfer buffer for 15 min 

at R.T.. 

Note: The recipe of transfer buffer is described below (see Recipes). 
4. Place two layers of transfer buffer-soaked filter paper underneath the gel, and then a 

nitrocellulose membrane followed by another two layers of transfer buffer-soaked filter paper on 

top of the gel. 

Note: Depending on the molecular weight of the protein of interest, choose an appropriate pore 
size (0.2 or 0.45 μm) of nitrocellulose membrane. 

5. Run the transfer at 4 °C in transfer buffer in the transfer apparatus. 
Note: It is preferable to use a wet/tank blotting system to avoid heating (at constant-current 
condition of 0.42 mA for 4 h at 4 °C). 

 
E. Immunoblotting analysis  

1. Incubate the nitrocellulose membranes with 4% skim milk in TBST (see Recipes) for 1 h at R.T.. 

2. Rinse the membrane three times with TBST for 5 min each time. 

3. Incubate the membrane in primary antibody solution (1 h at R.T. or overnight at 4 °C with gentle 

shaking). 

Note: For detection of protein O-GlcNAcylation using anti-O-GlcNAc antibodies (e.g., RL2), the 
primary antibody solution must consist of 3% BSA/TBST to avoid increasing the background 
signal. 

4. Rinse the membrane three times with TBST for 5 min each time. 

5. Incubate the membrane in secondary antibody solution (1 h at R.T.). 

6. Rinse the membrane three times with TBST for 5 min each time. 

7. Visualize the antibody-bound proteins on the membrane by using ECL. 

Note: Use the appropriate volume of ECL solution according to the manufacturer's manual. 
Before ECL reaction, extra TBST on the membrane should be removed with paper towel. After 
incubation with ECL solution, remove the extra liquid as well. 
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Data analysis 

 

Nup62, a representative O-GlcNAc protein, is observed as a single high molecular weight band near 

the top of the separating gel in the WGA-SDS-PAGE (Figure 2B, upper panel, lane 1). To confirm 

that this high molecular weight band indicates an O-GlcNAcylated form of Nup62, we used the cells 

in which endogenous OGT proteins is depleted by RNA interference (RNAi). Transfection of a 

synthetic double-stranded small-interfering RNA (siRNA) specific to OGT in cells results in the 

decreased O-GlcNAcylation of diverse cellular proteins (Figure 2A, bottom panel, lanes 1 and 2). 

Under this condition, the high molecular weight band of Nup62 is almost completely abolished, and 

its disappearance is accompanied by the appearance of a lower molecular weight Nup62 band 

(Figure 2B, top panel, lane 2). WGA-based electrophoresis, therefore, leads to an “upshift” in the 

migration of O-GlcNAc-modified Nup62 compared to the migration of the non-O-GlcNAc-modified 

protein. Unlike Nup62, immunoblotting of AGFG1, which is also a known O-GlcNAc protein, shows 

not a single, but multiple, high molecular weight bands that also disappear when OGT is depleted 

by siRNA, which results in AGFG1 migration as a single, lower molecular weight band (Figures 2A 

and 2B, bottom panel, lane 2). Importantly, the higher molecular weight bands observed on the 

WGA-gel are not observed when these proteins are separated by a standard SDS-PAGE that does 

not contain the WGA-gel layer (Figure 2C), further indicating that the slower-migrating bands on the 

WGA-gel are O-GlcNAc modified forms of these proteins. 

  The O-GlcNAcylation levels of specific proteins can be evaluated by quantifying the intensity of 

the WGA-mediated up-shifted bands. While almost all Nup62 proteins in cells exist as homogeneous 

and highly O-GlcNAc-modified forms, AGFG1 exists as heterogeneously O-GlcNAcylated forms and 

only 26% of AGFG1 exists as the non-O-GlcNAcylated form (Figure 2B, bottom panel, lane 1), 

suggesting that most AGFG proteins are O-GlcNAcylated at multiple sites in cells. The depletion of 

OGT by RNAi abolishes these up-shifted bands of AGFG1 (Figure 2B, lower panel, lane 2), while 

the treatment of cells with a potent OGA inhibitor Thiamet-G (TMG), which increases O-

GlcNAcylation levels of diverse cellular proteins (Figure 2A, bottom panel, lane 3), enhances the 

intensity of the upper-shifted AGFG1 bands in the WGA-SDS-PAGE (Figure 2B, lower panel, lane 

3). Up-shifted bands are observed when the epitope-tagged O-GlcNAc proteins, such as TFG and 

UBAP2L are transiently expressed with OGT in cells (Figures 3A and 3B). The combined data 

indicate that the WGA-SDS-PAGE method can, in principle, detect O-GlcNAcylation of any 

endogenous or epitope-tagged protein by Western blotting using their specific antibodies, thereby 

allowing easy evaluation of the O-GlcNAcylation state of a protein of interest. 
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Figure 2. Separation of endogenous O-GlcNAcylated proteins by WGA-SDS-PAGE. A. 

Increase or decrease of protein O-GlcNAcylation levels in cells. HEK293 cells were transfected 

with siRNA targeting OGT or with control siRNA and were cultured with or without an OGA 

inhibitor Thiamet-G (TMG, 10 μM, 24 h). Whole cell lysates were separated using standard 

SDS-PAGE and analyzed by Western blotting. The O-GlcNAcylation levels of cellular proteins 

were probed with the O-GlcNAc-specific antibody, RL2. Actin was used as a loading control. B 

and C. Separation of O-GlcNAcylated proteins by WGA-SDS-PAGE. HEK293 cells were 

transfected with siRNA targeting OGT or with control siRNA and then were treated with or 

without TMG (10 μM, 24 h). Whole cell lysates were separated on WGA-SDS-PAGE (B) or 

standard SDS-PAGE (C). Immunoblotting was performed with an anti-Nup62 (upper panels) or 

an anti-AGFG1 antibody (bottom panels). The black and white arrowheads indicate the O-

GlcNAcylated and non-O-GlcNAcylated forms, respectively. The relative abundance ratio of 

individual AGFG1 forms (No. 1-7) to the sum of all the bands was calculated based on the 

densitometric data of each band. A black bracket indicates the area of the WGA-gel layer 

transferred to the nitrocellulose membrane. Actin was used as a loading control. The asterisk (*) 

indicates a non-specific band. The images are taken from Kubota et al. (2017). 
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Figure 3. Detection and separation of epitope-tagged O-GlcNAcylated proteins. Myc-TFG 

(A) or Myc-UBAP2L (B) was transiently expressed with Flag-OGT or Flag-OGA in HEK293 cells 

and was immuno-purified with an anti-Myc antibody. After separation of the purified proteins by 

WGA-SDS-PAGE (upper panel) or standard SDS-PAGE (lower panel), the proteins were 

transferred to nitrocellulose membranes and immunoblotted with the indicated antibodies or 

probed for their O-GlcNAcylation using succinylated WGA-HRP (sWGA). The expression of 

Flag-OGT and Flag-OGA in cell lysates was confirmed in the standard SDS-PAGE using an 

anti-Flag antibody. The images are taken from Kubota et al. (2017). 

 

Recipes 

 

1. Stock cell lysis buffer (store at 4 °C) 

20 mM Tris-HCl (pH 7.5) 

2 mM EDTA 
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150 mM NaCl 

1% Triton X-100 

10% glycerol 

2. 5x SDS-PAGE loading buffer (store at -20 °C) 
325 mM Tris-HCl (pH 6.8) 

25% 2-mercaptoethanol 

50% glycerol 

15% SDS 

125 μg/ml bromophenol blue 

3. Stock Separating gel buffer (store at R.T.) 
1.5 M Tris-HCl (pH 8.8) 

0.4% SDS 

4. Stock Stacking gel buffer (store at R.T.) 
0.5 mM Tris-HCl (pH 6.8) 

0.4% SDS 

5. Transfer buffer (store at 4 °C) 
25 mM Tris 

192 mM glycine 

20% methanol 

6. 10x Running buffer for electrophoresis (store at R.T.) 

250 mM Tris 

1.91 M glycine 

1% SDS 

7. TBST 

20 mM Tris-HCl (pH 7.5) 

137 mM NaCl 

0.1% Tween-20 

8. Primary antibody solution 

Each primary antibody is diluted in TBST 

9. Secondary antibody solution 

HRP-conjugated secondary antibody is diluted in TBST 

 

Acknowledgments 

 

This work was supported in part by grants from the Japan Society for the Promotion of Science 

(JSPS) (16H06574 and 18H02609 to M.T.; 25650003 and 17K08650 to Y.K.). We thank Dr. 

P.O’Grady for critical reading of the manuscript. 

 

 

Please cite this article as: Ko et. al., (2018). Wheat Germ Agglutinin (WGA)-SDS-PAGE: A Novel Method for the Detection of O-GlcNAc-modified
Proteins by Lectin Affinity Gel Electrophoresis, Bio-protocol 8 (23): e3098. DOI: 10.21769/BioProtoc.3098.

http://www.bio-protocol.org/e3098


                 

Copyright © 2018 The Authors; exclusive licensee Bio-protocol LLC.  13 

www.bio-protocol.org/e3098     
Vol 8, Iss 23, Dec 05, 2018 
DOI:10.21769/BioProtoc.3098
55555111112000 
 

Competing interests 

 

Authors declare no conflict of interest.  

 

References  

 

1. Aub, J. C., Sanford, B. H. and Wang, L. H. (1965). Reactions of normal and leukemic cell 

surfaces to a wheat germ agglutinin. Proc Natl Acad Sci U S A 54(2): 400-402. 

2. Chalkley, R. J. and Burlingame, A. L. (2001). Identification of GlcNAcylation sites of peptides 

and alpha-crystallin using Q-TOF mass spectrometry. J Am Soc Mass Spectrom 12(10): 1106-

1113. 

3. Chavelas, E. A., Beltrán, A. P., Pérez-Hernández, G. and García-Hernández, E. (2004). 

Spectroscopic characterization of the thermal unfolding of wheat germ agglutinin. J. Mex. Chem. 
Soc. 48(4): 279-282. 

4. Hanover, J. A., Krause, M. W. and Love, D. C. (2012). Bittersweet memories: linking metabolism 

to epigenetics through O-GlcNAcylation. Nat Rev Mol Cell Biol 13(5): 312-321.  

5. Hu, P., Shimoji, S. and Hart, G. W. (2010). Site-specific interplay between O-GlcNAcylation and 

phosphorylation in cellular regulation. FEBS Lett 584(12): 2526-2538. 

6. Kubota, Y., Fujioka, K. and Takekawa, M. (2017). WGA-based lectin affinity gel electrophoresis: 

A novel method for the detection of O-GlcNAc-modified proteins. PLoS One 12(7): e0180714. 

7. Rexach, J. E., Rogers, C. J., Yu, S. H., Tao, J., Sun, Y. E. and Hsieh-Wilson, L. C. (2010). 

Quantification of O-glycosylation stoichiometry and dynamics using resolvable mass tags. Nat 
Chem Biol 6(9): 645-651. 

8. Rodríguez-Romero, A., B., A. and Hernández-Arana, A. (1989). Unusual far-ultraviolet circular 

dichroism of wheat germ agglutinin and hevein originated from cystine residues. Biochim. 
Biophys. Acta. 998: 21-24. 

9. Ruan, H. B., Singh, J. P., Li, M. D., Wu, J. and Yang, X. (2013). Cracking the O-GlcNAc code in 

metabolism. Trends Endocrinol Metab 24(6): 301-309. 

10. Shen, D. L., Gloster, T. M., Yuzwa, S. A. and Vocadlo, D. J. (2012). Insights into O-linked N-

acetylglucosamine ([0-9]O-GlcNAc) processing and dynamics through kinetic analysis of O-

GlcNAc transferase and O-GlcNAcase activity on protein substrates. J Biol Chem 287(19): 

15395-15408. 

11. Wright, C. S. (1987). Refinement of the crystal structure of wheat germ agglutinin isolectin 2 at 

1.8 A resolution. J Mol Biol 194(3): 501-529. 

12. Wright, C. S. (1992). Crystal structure of a wheat germ agglutinin/glycophorin-sialoglycopeptide 

receptor complex. Structural basis for cooperative lectin-cell binding. J Biol Chem 267(20): 

14345-14352. 

13. Yang, X. and Qian, K. (2017). Protein O-GlcNAcylation: emerging mechanisms and functions. 

Nat Rev Mol Cell Biol 18(7): 452-465. 

Please cite this article as: Ko et. al., (2018). Wheat Germ Agglutinin (WGA)-SDS-PAGE: A Novel Method for the Detection of O-GlcNAc-modified
Proteins by Lectin Affinity Gel Electrophoresis, Bio-protocol 8 (23): e3098. DOI: 10.21769/BioProtoc.3098.

http://www.bio-protocol.org/e3098
http://www.ncbi.nlm.nih.gov/pubmed/5217427
http://www.ncbi.nlm.nih.gov/pubmed/5217427
http://www.ncbi.nlm.nih.gov/pubmed/11605972
http://www.ncbi.nlm.nih.gov/pubmed/11605972
http://www.scielo.org.mx/scielo.php?pid=S0583-76932004000400013&script=sci_arttext
http://www.ncbi.nlm.nih.gov/pubmed/22522719
http://www.ncbi.nlm.nih.gov/pubmed/22522719
http://www.ncbi.nlm.nih.gov/pubmed/20417205
http://www.ncbi.nlm.nih.gov/pubmed/20417205
http://www.ncbi.nlm.nih.gov/pubmed/28686627
http://www.ncbi.nlm.nih.gov/pubmed/28686627
http://www.ncbi.nlm.nih.gov/pubmed/20657584
http://www.sciencedirect.com/science/article/pii/0167483889901131
http://www.sciencedirect.com/science/article/pii/0167483889901131
http://www.ncbi.nlm.nih.gov/pubmed/23647930
http://www.ncbi.nlm.nih.gov/pubmed/23647930
http://www.ncbi.nlm.nih.gov/pubmed/22311971
http://www.ncbi.nlm.nih.gov/pubmed/22311971
http://www.ncbi.nlm.nih.gov/pubmed/22311971
http://www.ncbi.nlm.nih.gov/pubmed/3625772
http://www.ncbi.nlm.nih.gov/pubmed/3625772
https://www.ncbi.nlm.nih.gov/pubmed/1321144
https://www.ncbi.nlm.nih.gov/pubmed/1321144
http://www.ncbi.nlm.nih.gov/pubmed/28488703


                 

Copyright © 2018 The Authors; exclusive licensee Bio-protocol LLC.  14 

www.bio-protocol.org/e3098     
Vol 8, Iss 23, Dec 05, 2018 
DOI:10.21769/BioProtoc.3098
55555111112000 
 

14. Zachara, N. E., Vosseller, K. and Hart, G. W. (2011). Detection and analysis of proteins modified 

by O-linked N-acetylglucosamine. Curr Protoc Mol Biol Chapter 17: Unit 17 16. 

 

 

Please cite this article as: Ko et. al., (2018). Wheat Germ Agglutinin (WGA)-SDS-PAGE: A Novel Method for the Detection of O-GlcNAc-modified
Proteins by Lectin Affinity Gel Electrophoresis, Bio-protocol 8 (23): e3098. DOI: 10.21769/BioProtoc.3098.

http://www.bio-protocol.org/e3098
http://www.ncbi.nlm.nih.gov/pubmed/21732316
http://www.ncbi.nlm.nih.gov/pubmed/21732316

