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[Abstract] While the activation of the transcription factor interferon regulatory factor 5 (IRF5) is critical 

for the induction of innate immune responses, it also contributes to the pathogenesis of the autoimmune 

disease systemic lupus erythematosus (SLE). IRF5 phosphorylation is a hallmark of its activation in the 

Toll-like receptor (TLR) pathway, where active IRF5 induces type I interferon and proinflammatory 

cytokine genes. By using the phosphate-binding molecule Phos-tag, without either radioisotopes or 

phospho-specific antibodies, the protocol described here enables detection of the phosphorylation of 

both human and murine IRF5, as well as that of other proteins. 
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[Background] In the TLR-MyD88 pathway, IRF5 is activated through post-translational modifications 

such as ubiquitination and phosphorylation, and then active IRF5 translocates into the nucleus and 

induces its target genes (Takaoka et al., 2005; Balkhi et al., 2008; Tamura et al., 2008; Hayden and 

Ghosh, 2014). Regarding the activation status of IRF5 in SLE, it has been reported that IRF5 

accumulates in the nucleus in monocytes of SLE patients (Stone et al., 2012). Furthermore, we recently 

showed in an SLE murine model that IRF5 hyperactivation (e.g., elevated phosphorylation) leads to the 

development of an SLE-like disease (Ban et al., 2016). Therefore, analyzing the activation status of 

IRF5 is important for studying SLE as well as innate immune responses. Phosphorylation is central to 

the activation of IRF5, as numerous studies have revealed the functional phosphorylation sites of IRF5 

by site-directed mutagenesis and/or mass spectrometry (Barnes et al., 2002; Lin et al., 2005; Chen et 

al., 2008; Chang Foreman et al., 2012; Lopez-Pelaez et al., 2014; Ren et al., 2014). However, 

antibodies specific for these phosphorylation sites are not commercially available. In addition, 

phosphorylated IRF5 is normally not separated from non-phosphorylated IRF5 using standard 

SDS-PAGE. We thus utilized the functional molecule Phos-tag, which binds specifically to the 

phosphate group via metal ions (Kinoshita et al., 2006). Without using radioisotopes or 

phospho-specific antibodies, this protocol enables the detection of multiple phosphorylations of the 

IRF5 protein as up-shifted bands in the resulting immunoblot analysis (Figure 1). This protocol can be 

applied for detecting the phosphorylation of other proteins if a specific antibody for the total protein of 

the target protein is available. 
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Figure 1. Schematic of Phos-tag immunoblot analysis. Phos-tag binds specifically to a 

phosphate group on the target protein via metal ions, such as Zn2+ or Mn2+. Non-phosphorylated 

and phosphorylated forms of the target protein (IRF5 in this figure) are separated by SDS-PAGE 

using acrylamide conjugated with Phos-tag, and then detected by immunoblot analysis using an 

appropriate specific antibody. The mobility shift of the phosphorylated protein is caused by trapping 

of its phosphate groups by the polyacrylamide gel-conjugated Phos-tag. Thus, multiple 

phosphorylations of IRF5 appear as different up-shifted bands, whose mobility shift increases with 

the phosphorylation level of each IRF5 molecule. 

 

Materials and Reagents 
 

1. Tips (BM Equipment, catalog numbers: BMT-10G and BMT-200; Corning, catalog number: 

4846) 

2. Disposable pipette (Greiner Bio One International, catalog numbers: 606160 and 607160) 

3. Microcentrifuge tube (Greiner Bio One International, catalog number: 616201) 

4. Filter paper (GE Healthcare, catalog number: 3030-6461) 

5. Polyvinylidene fluoride (PVDF) membrane (EMD Millipore, catalog number: IPVH00010) 

6. Bio-Rad Protein Assay (Bio-Rad Laboratories, catalog number: 5000006) 

7. Bovine serum albumin (BSA) (Wako Pure Chemical Industries, catalog number: 017-23294) 

8. Lambda protein phosphatase (λPPase) (New England Biolabs, catalog number: P0753) 

9. Calf intestinal alkaline phosphatase (CIAP) (Takara Bio, catalog number: 2250) 

10. Manganese(II) chloride tetrahydrate (MnCl2.4H2O) (Wako Pure Chemical Industries, catalog 

number: 136-15301) 

11. Bromophenol blue (BPB) (Wako Pure Chemical Industries, catalog number: 029-02912) 

12. Marker III (Wako Pure Chemical Industries, catalog number: 230-02461) 

13. Anti-IRF5 antibody (Abcam, catalog number: ab21689)  

14. MaxBlot solution 1 (MEDICAL & BIOLOGICAL LABORATORIES, catalog number: 8455-100) 
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15. Horseradish peroxidase-conjugated anti-rabbit IgG antibody (GE Healthcare, catalog number: 

NA934) 

16. ECL Prime (GE Healthcare, catalog number: RPN2236) 

17. Immunostar® LD (Wako Pure Chemical Industries, catalog number: 292-69903) 

18. Sodium chloride (NaCl) (Wako Pure Chemical Industries, catalog number: 191-01665) 

19. Na2HPO4.12H2O (Wako Pure Chemical Industries, catalog number: 196-02835) 

20. Potassium chloride (KCl) (Wako Pure Chemical Industries, catalog number: 163-03545) 

21. Potassium dihydrogen phosphate (KH2PO4) (Wako Pure Chemical Industries, catalog number: 

169-04245) 

22. NP-40 (Nacalai Tesque, catalog number: 25223-75) 

23. Sodium deoxycholate (Nacalai Tesque, catalog number: 10712-12) 

24. SDS (Nacalai Tesque, catalog number: 08933-05) 

25. cOmplete protease inhibitor cocktail tablets (Roche Diagnostics, catalog number: 

11836170001) 

26. PhosSTOP phosphatase inhibitor cocktail tablets (Roche Diagnostics, catalog number: 

04906837001) 

27. Glycerol (Nacalai Tesque, catalog number: 17018-25) 

28. 2-mercaptoethanol (Wako Pure Chemical Industries, catalog number: 131-14572) 

29. Tween 20 (Nacalai Tesque, catalog number: 28353-85) 

30. Skim milk (Morinaga Milk Industry) 

31. Acrylamide (Nacalai Tesque, catalog number: 00809-85) 

32. N,N’-methylenebisacrylamide (bis) (Wako Pure Chemical Industries, catalog number: 

138-06032) 

33. Phos-tag acrylamide (Wako Pure Chemical Industries, catalog number: AAL-107) 

34. APS (Wako Pure Chemical Industries, catalog number: 016-08021) 

35. TEMED (Wako Pure Chemical Industries, catalog number: 205-06313) 

36. Glycine (Nacalai Tesque, catalog number: 17109-35) 

37. Tris (Nacalai Tesque, catalog number: 35406-91) 

38. MOPS (Dojindo, catalog number: 343-01805) 

39. Sodium bisulfite (Nacalai Tesque, catalog number: 31219-55) 

40. Methanol (Wako Pure Chemical Industries, catalog number: 139-01827) 

41. EDTA.2Na (Dojindo, catalog number: 345-01865) 

42. 7.5% Phos-tag precast gel (Wako Pure Chemical Industries, catalog number: 192-17381) 

43. Phosphate-buffered saline (PBS, 1x) (see Recipes) 

44. EDTA-free lysis buffer (see Recipes) 

45. 1% NP-40 TBS buffer (see Recipes) 

46. 6x sample buffer (see Recipes) 

47. Tris-buffered saline containing Tween 20 (TBS-T) (see Recipes) 

48. Blocking solution (see Recipes) 
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49. Handmade Phos-tag acrylamide gel (see Recipes) 

a. Separating (lower) gel 

b. Stacking (upper) gel 

50. Tris-glycine running buffer (see Recipes) 

51. Tris-MOPS running buffer (see Recipes) 

52. Transfer buffer (see Recipes) 

 

Equipment 
 

1. Refrigerated mini-centrifuge (TOMY SEIKO, model: KITMAN-24) 

2. Microplate reader with 595 nm wavelength available (Tecan, model: F039300REMOTER) 

3. Heat block (Major Science, model: MD-02N) 

4. Power supply (Bio-Rad Laboratories, catalog number: 1645070) 

5. Gel tank (NIHON EIDO, model: NA-1012) 

6. Horizontal shaker (YAMATO SCIENTIFIC, model: MK200D) 

7. Semi-dry blotter (NIHON EIDO, model: NA-1512) 

8. Blotting roller (Bio-Rad Laboratories, catalog number: 1651279) 

9. Luminescent image analyzer (GE Healthcare, model: ImageQuant LAS 4000 mini) 

 

Procedure 
 

A. Cell lysate preparation 

1. Harvest 1-5 x 106 cells by centrifugation (300 x g, 5 min, 4 °C). 

Note: IRF5 phosphorylation occurs in specific cell types and conditions. For example: 

Bone-marrow-derived dendritic cells (BMDCs) stimulated with CpG-B oligodeoxynucleotide 

(ODN) (Ban et al., 2016). BMDCs are obtained by culturing mouse bone marrow cells with 100 

ng/ml of the Flt3 ligand. After 9 days of culture, BMDCs are collected and seeded at 5 x 106 

cells/well in a 6-well culture plate. They are then stimulated with 0.15 μM CpG-B ODN for 3 or 6 

h (Figure 2). Other examples of appropriate cell models include HEK293T cells transfected with 

IRF5 and MyD88 (Ban et al., 2016) or IRF5 and IKKβ (Lopez-Pelaez et al., 2014; Ren et al., 

2014), THP-1 cells stimulated with a lipopolysaccharide (LPS) (Ren et al., 2014), and Gen2.2 

cells stimulated with CL097 (Lopez-Pelaez et al., 2014). 

2. Remove the supernatant, tap the tube to loosen the cell pellet, add 5 ml of ice-cold PBS, and 

mix the cells by inverting the tube five times. 

3. Repellet the cells by centrifugation. 

4. Remove the supernatant, quickly centrifuge the sample, and carefully remove all residual 

supernatant without disturbing the cell pellet. 

5. Add 50 μl of ice-cold EDTA-free lysis buffer to the cell pellet and then vigorously pipette up and 

down 20 times. 
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Note: EDTA may prevent the binding of the Phos-tag to the target protein phosphate groups by 

chelating metal ions; thus, the lysis buffer should be EDTA-free.  

(Optional) For phosphatase treatment to validate detected phosphorylation, 1% NP-40 TBS 

buffer is used instead of EDTA-free lysis buffer. 

6. Place the tube on ice for 30 min. 

7. Centrifuge the sample at 15,000 x g, for 15 min at 4 °C and then transfer the supernatant (cell 

lysate) to a clean microcentrifuge tube on ice without transferring the cellular debris at the 

bottom. 

Note: The cell lysate can be stored at -80 °C. 

 

B. SDS-PAGE 

1. (Optional) If you prepare handmade Phos-tag acrylamide gels rather than using the precast 

gels, see Recipes. 

2. Quantify the protein concentration of the cell lysate. For the Bio-Rad Protein Assay, dilute the 

cell lysate by 20-fold with distilled water, add 5 μl of diluted cell lysate to 245 μl of 1x Bio-Rad 

Protein Assay, mix well by vortexing, and measure absorbance at 595 nm. Use a dilution series 

of bovine serum albumin (BSA) aqueous solution to construct a standard curve. 

3. In a clean microcentrifuge tube, prepare 1-3 μg/μl cell lysate (10-30 μg/10 μl/well) by diluting 

with EDTA-free lysis buffer, and add 6x sample buffer (2 μl/well). 

(Optional) For phosphatase treatment, 10 μg of the cell lysate prepared by using 1% NP-40 

TBS buffer is incubated with the reaction mixture containing 1x NEBuffer for PMP (supplied 

with λPPase), 1 mM MnCl2, and 400 U of λPPase for 60 min at 30 °C. It is then further 

incubated with 30 U of CIAP for 30 min at 37 °C. The reaction is stopped by addition of 6x 

sample buffer. 

4. Heat the samples at 100 °C for 5 min and then cool the samples to room temperature 

(20-24 °C). 

5. Set up the handmade or precast gel in a gel tank by following the manufacturer instructions, 

and attach the leads to the power supply. Use running buffer in both the upper and lower 

chamber buffers. 

Note: Tris-glycine running buffer can be used for both the handmade gel (containing Mn2+), and 

the precast gel (containing Zn2+), while Tris-MOPS running buffer can be used only for the 

precast gel. Both precast and handmade gels were successfully employed to detect IRF5 

phosphorylation in the Tris-glycine running buffer. For other proteins, it will be necessary to 

empirically determine which combination of gel (metal ion) and running buffer is optimal for 

phosphorylation detection. 

6. Apply the samples into the wells (12 μl/well) and run the gels as follows: 

a. Handmade: Constant-voltage condition of 80 V for approximately 40 min (until 

bromophenol blue [BPB] dye reaches the separating gel), and then at 120 V for 200 min at 

room temperature 
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b. Precast: Constant-current condition of 15 mA/gel for 30 min, and then 30 mA/gel for 100 

min at room temperature 

Note: The above are optimized conditions for the separation of phosphorylated IRF5, where 

the position of the BPB dye and running time are used as a guide for electrophoresis. For other 

proteins, first run the gels until the BPB dye reaches the bottom of the separating gel, and 

increase the running time if better separation is required. The WIDE VIEW prestained protein 

size marker III (WAKO) can be used to evaluate the transfer efficiency, although notably, it 

does not identify the actual molecular weight of proteins. To avoid band distortion in the 

adjacent lanes, at least one blank lane should be left between this marker and the analyzed 

samples. 

 

C. Transfer and blocking 

1. During the run, prepare blocking solution (see Recipes) and immerse the filter papers in 

transfer buffer. 

2. When the run is complete, remove the gels from the apparatus and cut off the stacking gel. 

3. Incubate the gels in EDTA-containing transfer buffer (25 ml/gel) for 10 min with gentle shaking 

(60 rpm) at room temperature. Discard the buffer. 

Note: Since metal ions in the gel interfere with the transfer, EDTA-containing transfer buffer is 

used to remove them from the gel after SDS-PAGE. 

4. Repeat the incubation twice (three times in total). 

5. Incubate the gels once in EDTA-free transfer buffer (25 ml/gel) for 10 min with gentle shaking at 

room temperature. 

Note: Since EDTA in the transfer buffer also interferes with the transfer, EDTA-free transfer 

buffer is used to remove EDTA from the gel after removal of the metal ions. 

6. Briefly pre-wet the PVDF membrane in methanol until the membrane is completely wet, discard 

methanol, add transfer buffer, and incubate for at least 10 min with gentle shaking (60 rpm) at 

room temperature. 

7. Stack 5 filter papers, the PVDF membrane, gel, and 5 filter papers in this order from the anode 

(+) to the cathode (-) of the semi-dry blotter. Gently remove any air bubbles with the blotting 

roller. 

8. Run at 100 mA/gel (2 mA of current per cm2 of gel) for 60 min at room temperature. 

9. When the run is complete, remove the membrane from the stack and incubate the membrane 

in blocking solution for 30 min with gentle shaking at room temperature.  

 

D. Antigen-antibody reaction and ECL detection 

1. Prepare primary antibody solution (anti-IRF5 antibody diluted by 3,000-fold with MaxBlot 

solution 1). 

Note: Using the blocking solution (5% skim milk in TBS-T) to dilute the anti-IRF5 antibody 

(Abcam) causes the appearance of non-specific bands. For other antibodies, the blocking 
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solution can be used to dilute the primary antibody during Phos-tag immunoblot analysis if it is 

known to facilitate the appearance of a correct specific (preferably single) band via the 

standard immunoblot analysis method. 

2. Rinse the membrane with TBS-T and incubate it in primary antibody solution for 90 min at room 

temperature or overnight at 4 °C with gentle shaking. 

3. Wash the membrane 5 times with TBS-T (5 min incubation for each washing). 

4. Prepare secondary antibody solution (horseradish peroxidase-conjugated anti-rabbit IgG 

antibody diluted by 20,000-fold with blocking solution). 

5. Incubate the membrane in secondary antibody solution for 60 min at room temperature with 

gentle shaking. 

6. Wash the membrane 5 times with TBS-T (5 min incubation for each washing). 

7. Incubate the membrane in the working solution of ECL Prime or Immunostar® LD (for 

high-sensitivity detection) by following the manufacturer’s instructions. 

8. Detect the chemiluminescence using the luminescent image analyzer. 

 

Data analysis 
 

As shown in Figure 2, phosphorylated IRF5 proteins are visualized as up-shifted migration bands 

(cf. Figure S5D of Ban et al., 2016). The multiple up-shifted bands indicate differently 

phosphorylated IRF5 protein species. In BMDCs, a proportion of IRF5 proteins are phosphorylated 

in response to stimulation with CpG-B ODN (a TLR9 ligand). 

Notes: 

1. Protein size cannot be determined by Phos-tag immunoblot analysis since the mobility shift of 

the phosphorylated protein is caused by trapping of its phosphate groups by the 

polyacrylamide gel-conjugated Phos-tag (Figure 1), rather than because the size of the 

phosphorylated protein is enlarged by attachment of the Phos-tag. In addition, it has been 

previously shown that the actual size of a non-phosphorylated protein can differ from its 

estimated size as determined by standard SDS-PAGE (Kinoshita et al., 2009). Finally, the 

number of phosphorylations occurring on a given protein cannot be determined using this 

protocol because the mobility shift of a given phosphorylated protein is different to that of 

another protein with the same number of phosphorylations (Kinoshita et al., 2006). 

2. The band shifts are unlikely to be due to increases in the IRF5 molecular weight by 

ubiquitination, since polyubiquitinated IRF5 is not detectable by standard immunoblot analysis 

unless MG132 (a proteasome inhibitor that inhibits the degradation of ubiquitin-conjugated 

proteins) and/or deubiquitinase inhibitors such as N-ethylmaleimide and PR-619 are used. 

3. Phosphatase treatment can be used to confirm that the up-shifted bands are phosphorylated 

IRF5 (cf. Figure S5A of Ban et al., 2016). 

4. The specificity of the antibody was confirmed by comparing the samples between wild-type and 

IRF5-deficient cells (cf. Figure S5D of Ban et al., 2016).  
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5. Remaining SDS-PAGE samples can be subjected to standard immunoblot analysis to verify the 

amounts of total IRF5 protein and a loading control protein. 

 

 
Figure 2. Detection of phosphorylated IRF5 by Phos-tag immunoblot analysis. BMDCs 

were stimulated with 0.15 μM CpG-B oligodeoxynucleotide (ODN) for the indicated times and 

subjected to Phos-tag (upper panel) or standard (bottom 2 panels) immunoblot analysis using 

antibodies against IRF5 and GAPDH. GAPDH levels served as a loading control. 

 

Recipes 
 

1. Phosphate-buffered saline (PBS, 1x) 

137 mM NaCl 

8.1 mM Na2HPO4.12H2O 

2.7 mM KCl 

1.5 mM KH2PO4 

Note: No pH adjustment is required (pH is approximately 7.4). Store at 4 °C. 

2. EDTA-free lysis buffer 

50 mM Tris-HCl (pH 7.4) 

150 mM NaCl 

1% NP-40 

0.5% sodium deoxycholate 

0.1% SDS 

cOmplete protease inhibitor cocktail tablets 

PhosSTOP phosphatase inhibitor cocktail tablets 

Note: No pH adjustment is required for the EDTA-free lysis buffer. The inhibitor cocktail tablets 

should be added freshly. The buffer without inhibitors can be stored at 4 °C. 
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3. 1% NP-40 TBS buffer (for phosphatase treatment) 

20 mM Tris-HCl (pH 8.0) 

150 mM NaCl 

1% NP-40 

cOmplete protease inhibitor cocktail tablets 

Note: No pH adjustment is required for the 1% NP-40 TBS buffer. The inhibitor cocktail tablets 

should be added freshly. The buffer without the inhibitor cocktail tablets can be stored at 4 °C. 

4. 6x sample buffer 

375 mM Tris-HCl (pH 6.8) 

9% SDS 

50% glycerol 

0.03% BPB 

9% 2-mercaptoethanol (2ME) 

Note: No pH adjustment is required for the 6x sample buffer. 2ME should be added freshly. The 

buffer without 2ME can be stored at room temperature. Precipitated SDS in the stored buffer 

can be resolved by heating to 50 °C. 

5. Tris-buffered saline containing Tween 20 (TBS-T)  

25 mM Tris-HCl (pH 7.4) 

140 mM NaCl 

3 mM KCl 

0.05% Tween 20 

Note: No pH adjustment is required for the TBS-T; store at room temperature. 

6. Blocking solution 

TBS-T 

5% skim milk 

Note: Prepare freshly for each experiment. 

7. Handmade Phos-tag acrylamide gel (mini size) 

Note: Use ddH2O rather than alcohol to overlay the separating gel. The duration of 

polymerization for the separating gel is approximately 40 min. Use the handmade gel 

immediately after polymerization, and do not store for later use. 

a. Separating (lower) gel 

7.5% acrylamide/bis (29:1) 

375 mM Tris-HCl (pH 8.8) 

0.1% SDS 

100 μM MnCl2 

50 μM Phos-tag acrylamide 

0.1% APS 

0.04% TEMED 
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Note: For proteins other than IRF5, first optimize the concentration of acrylamide/bis (29:1), 

and then change the concentration of Phos-tag acrylamide as required. Proteins of a size 

greater and less than 60 kDa should initially be subjected to analysis using 6% and 8% 

acrylamide/bis (29:1), respectively. The optimal concentration of Phos-tag acrylamide for 

analysis of a given protein can be selected from a series (20, 50, 100, and 150 μM). The 

utilized concentration of MnCl2 should be 2-fold higher than that of Phos-tag acrylamide. 

b. Stacking (upper) gel 

4.5% acrylamide/bis (29:1) 

125 mM Tris-HCl (pH6.8) 

0.1% SDS 

0.1% APS 

0.1% TEMED 

8. Tris-glycine running buffer 

25 mM Tris 

192 mM glycine 

0.1% SDS 

Note: No pH adjustment is required (pH is 8.1-8.5). Store at room temperature. 

9. Tris-MOPS running buffer 

100 mM Tris 

100 mM MOPS 

0.1% SDS 

5 mM sodium bisulfite 

Note: Sodium bisulfite should be added freshly. No pH adjustment is required (pH is 

approximately 7.8). The buffer without sodium bisulfite can be stored at 4 °C. 

10. Transfer buffer 

48.2 mM Tris 

38.9 mM glycine 

0.037% SDS 

20% methanol 

10 mM EDTA (included for the first, second, and third incubation of the gel after Phos-tag 

SDS-PAGE) 

Note: No pH adjustment is required (pH is approximately 9.2). Store at room temperature. 
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